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PREFACE 
India is a developing country and to Iceep pace with the developments going on in 
the global scale, a lot of changes have essentially taken place. Rapid industrialization, use 
of modern agricultural practices and fast urbanization are to name a few. These processes 
have led to the contamination of the environment. Among the various types of 
environmental pollutions, the pollution of water assumes the most significant proposition. 
The multidimensional hazardous effects of the water pollution have led to the 
development and utilization of a muhitude of biological assays (battery of test approach) 
for assaying the toxic and / or genotoxic effects of pollutants in human beings and other 
living organisms. 
Although a lot of efforts have been made in India on the development of new 
toxicity testing systems as well as their different applicability aspects under the various 
environmental conditions, yet very little attention seems to have been directed towards 
the development of a suitable system in terms of its reliability and affordability vis-a-vis 
for the toxicological monitoring of potable water usually available to the common man of 
our country. Keeping in mind the not so sound economic position of our general 
population, it was thought to develop such simple, rapid and sensitive bioassay that could 
be undertaken by the people of this country at personal as well as community level. 
Moreover, the need of standardization of testing protocols suitable for the given 
environmental conditions and use of the local organisms were also required. In view of 
the above, plant and bacterial based toxicity bioassays were the methods of choice. These 
tests were not only selected to assess the toxicity of the water pollutants in general but 
also to evaluate the genotoxicity of the test samples. 
The potable water for the common populace in India is derived mainly from hand 
pumps and directly from river. 
In the first chapter of the thesis, a comprehensive review has been done on the use 
of various organisms and methodologies for the toxicity / genotoxicity evaluation 
procedures, especially of the water bodies. 
VI 
The second chapter describes the general materials and methods like composition 
of media, buffers and incubation mixtures, bacterial strains and the water concentration 
procedures. 
The third chapter is ascribed to the toxicity as well as genotoxicity evaluation of 
various water bodies using the Allium cepa test. 
The toxicity assessment procedures for various water bodies, employing the seed 
germination test is dealt with in the fourth chapter. 
The fifth chapter contains the data of the Ames plate incorporation test of the 
various water borne pollutants. 
The sixth chapter incorporates the findings of the Ames fluctuation test of the 
various water borne pollutants. 
Survival of the SOS defective E.coli K-12 strains and the induction of the lysogen 
of Ac/SSl is presented in the seventh chapter. 
The studies on the interaction of the water pollutants with DNA have been 
embodied in chapter eight. 
The last chapter is dedicated for general discussion. The bibliography and 
summary are presented in the end. 
vu 
Chapter I: 
Introduction, 
Review of Literature and 
Objectives 
There has been an explosive increase in the population of the world in the last four 
decades resulting in world wide industrialization and urbanization. Due to this increase in 
the world population,the demand for chemicals (industrial, medical and agricultural) has 
risen and now both the developed and developing nations face increasing ecological and 
toxicological problems from the release of toxic compounds into the environment. 
Environmental pollution implies any alteration in the surroundings but is restricted in use 
specially to mean any deterioration in the physical, chemical and biological quality of the 
environment. All types of pollution, directly or indirectly affect human health The 
pollutants fall under the broad category of xenobiotic compounds and are released into 
the environment by the action of man and occur in concentrations higher than "natural 
levels". 
Along with the NRDC, the USEPA in 1976 identified 65 classes of toxic chemicals 
The Agency has also classified 129 compounds and elements which are frequently referred 
to as "priority pollutants". The priority pollutants are fijrther divided into 10 general 
groups (Callahan et al., 1979). In 1942 only 600,000 chemicals were known. The number 
has since then increased to about 11 million (Richardson, 1993). It is also estimated that 
around 1000 new commercial products are poured into the environment each year 
The priority pollutants as stated above comprise of a very tiny fraction of all the 
known chemicals. It was also realized that the tendency to focus all testing and monitoring 
on the priority pollutants, ignored thousands of chemicals already in the environment and 
those being newly created as commercial products or as by products of biodegradation 
processes, along with the multitude of synergistic effects potentially occurring in every 
ecosystem (Dutka, 1996). A summary of the origination and fate of the priority pollutants 
is illustrated in Fig. 1. The fate of the pollutants in the environment depends on various 
chemical, physico-chemical and biological processes (Callahan et al., 1979). The chemical 
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Fig. 1 : Origination, Routes and Fates of Priority Pollutants 
(Adopted from Richards. D.J. and Shich. Wen. K. (1986) 
Water Research 20: 1077-1090 ) 
processes include oxidation, reduction, hydrolysis, hydration and photolysis, whereas the 
physico-chemical processes mostly involve adsorption and volatilization. Furthermore, 
the biological processes like biodegradation, biotransformation, bio-accumulation and 
biopolymerization also contribute to the diversification in the nature of pollutants. Thus, 
limiting the research to these special chemicals will often be a failure to identify the 
causes of the observed toxicity, genotoxicity or chronic toxicity effects (Dutka, 1996) 
Most of the organic pollutants originate from five major industrial categories 
petroleum refining, organic chemical and synthetic industries, steel milling and coal 
conversion, textile processing and pulp and paper-milling (Rawlings and Bamfield, 1979, 
Derenzo, 1980, Nye, 2000). However, industries alone are not totally responsible for the 
exposure of the chemical to environment, consumers too share a part. Utilization of 
gasolene, aerosol sprays, pesticides and fertilizers lead to pollutants being released directly 
into the environment by consumers. Effluent from waste water treatment plants is another 
cause of xenobiotic pollution. Accidental spillage, illegal dumping, poorly chosen landfalls 
and uncontrolled hazardous waste sites are other routes through which the environment 
is contaminated. In fact, inadequate disposal techniques have been cited as the main 
cause of contamination of biota, soil, surface and ground matters which could lead to 
disease producing microorganisms and ultimately result in serious health problems (Brown, 
1971; Callahan etal., 1979; Chapman etal., 1982; Gupta, 1989; Malik and Ahmad, 1995; 
Tibbetts, 2000). 
Among environmental pollutions, the water pollution is an age old problem but it 
has gained an alarming dimension lately because of the problems of population increase, 
sewage disposal, industrial waste, radioactive waste, etc. These factors have contributed 
so much to the pollution of water resources that about 70 - 80% rivers and streams all 
over the world contain polluted waters (Kudesia, 1982; Tibbets, 2000). In the absence of 
adequate potable water supply, a proportion of the population in underdeveloped countries 
still depends on natural resources such as wells, rivers and ponds. In India the same body 
of natural water is used for irrigation, washing of clothes and utensils, sewage disposal 
and bathing of animals and man, as well as for drinking and cooking without any purification 
or sterilization, making the risks of water pollution more serious (Vishwanathan, 1985; 
SOER, 2001). The various ways in which environmental pollution affects human health 
is depicted in Fig. 2. 
WATER POLLUTION 
The underlying assumption in the water sector goes as: "fresh water is a gift of God 
which would continue to be available in perpetuity and in abundance". But unfortunately, 
this is no longer valid but is yet to be reflected in the pricing of water for various end 
uses- drinking, irrigation and industrial. Highest priority should, therefore, be accorded 
to drinking water supply. 
According to Hammer and Hammer Jr. (2000) water contamination has been 
classified into three types depending on their source: 
A. Point source : It is defined as the source where waste waters discharge from outfall 
sewers or drainage channels. Principal point sources include municipal and industrial 
waste water discharges, cooling water from power plants and intermittent discharges 
such as overflows from stabilization ponds and by-passing treatment facilities. 
B. Diffuse source : It is defined as the sources converging pollutants dispersed on the 
land by human activities, in runoff from rainfall and snowmelt. The important diffuse 
sources are agricultural land drainage from cultivated fields, livestock pastures, and areas 
used for spreading manure, seepage and erosion from surface mining and urban storm 
drainage from residential and industrial areas. 
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Fig. 2 : Environmental Pollution and Human Health 
(Adopted from Ray, P.K. and Gupta B.N, (1986) 
Industrial Safety Chronicle, ITRC, pp. 78 - 81) 
C. Background Pollution: It is defined as the pollution that is derived fi-om natural 
origins. This pollution varies with the geology and topography of the site, kind of vegetative 
cover, and climatic conditions. Most fi-equently this type of pollution is caused due to 
runoff from uninhabited areas which transports decaying organic matter, sediment and 
dissolved minerals to tributary systems. 
A schematic figure of the principal sources of water pollution is shown in Fig. 3. 
According to the types of substance present, the water pollution has been classified 
again into three types by Hammer and Hammer Jr. (2000). 
1. Toxins, 
2. Inert solids, and 
3. Organic matter 
1. Toxins: These toxins or poisons can cause significant damage to plant and animal life 
in flowing waters. The list of toxic agents is long: 
a) Heavy metals: They include, zinc, copper cadmium, mercury and lead. 
b) Synthetic organic compounds: Among them are the compounds such as cyanide, 
phenolic compounds, volatile organics, pesticides and chlorinated hydrocarbons, PAH's 
and PCB's. 
c) Oxidants: These toxins include residual chlorine, which resuhs from the breakdown of 
chlorinated compounds used to disinfect water specially for drinking purposes. 
d) Poisonous gases: In the category of poisonous gases, are included gases such as ammonia 
and hydrogen sulfide. 
The effects of toxins are frequently magnified by environmental conditions and the 
temperature has a direct infiuence on morbidity. At a given concentration of toxin, a rise 
of 10°C generally halves the survival time offish. Therefore, toxins become more lethal 
in rivers during the summer (Hammer and Hammer Jr., 2000). 
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(Adopted from Down to Earth (1996), 5 : 33) 
2. Inert solids: The common sources of inorganic suspensions are soil erosion from 
agricultural land and construction sites, washing of sand and gravel, quarrying operations 
and mine slurries. These suspensions are supposed to be highly dangerous to various life 
forms of water including various invertebrates and vertebrates. 
3. Organic matter: Biological decomposition of carbonaceous waste material depletes 
the dissolved oxygen level which makes life in the system difficult and may also result in 
the increased toxicity of the organic matter. The discharge of municipal waste water also 
involves the addition of suspended solids and wastes and thereby complicating the problem 
fiarther. 
Among the various contaminants of water, the pollution caused by pesticides and 
heav)' metals have been extensively studied. We will discuss briefly about their pollution 
and specifically about their role in human health risks. It is high time that these risks be 
understood, and timely and effective steps undertaken to overcome their menace. 
Water pollution by pesticides and their toxicity 
Due to the use of modern agricultural practices of highly intensive nature, so as to 
feed the ever increasing population of the world, there has been a wide spread use of the 
synthetic pesticides in the environment. The presence of these compounds is ubiquitous, 
often contaminating surface and ground water as they migrate from their point of 
application (Thomas et al., 2001). The movement of pesticides from one place to another 
has been thoroughly studied ( Schreiberet al., 1995; Williams etal., 1995; Kreugeret al., 
1999; Liess et al., 1999) and is dependent on factors such as soil type, drainage, physical 
and chemical properties of the pesticide and the weather (Wauchope, 1978; Brown and 
Hollis, 1996). 
The toxicity of pesticides to aquatic microorganisms has been exhaustively reviewed 
by De Lorenzo et al. (2001). Microorganisms are important inhabitants of aquatic 
ecosystems, where they fulfil critical roles in primary productivity, nutrient cycling and 
decomposition. Microorganisms of the aquatic environment are exposed directly to the 
pesticides because of the direct and indirect inputs of the pesticides. Though certain 
pesticides are known to elicit a variety of chronic and acute toxicity effects in 
microorganisms, some microorganisms still have the ability to accumulate, detoxify or 
metabolize pesticides to some extent (De Lorenzo et al., 2001). It is supposed that 
detrimental effects of pesticides on microbial species may have subsequent impacts to 
higher trophic levels (Ahlgren et al., 1990; De Lorenzo et al., 2001). Therefore, with a 
view to understand the mechanisms of pesticide action on our environment, a summary 
of pesticide action on target organisms is shown in Table 1. Besides these, pesticides 
have been shown to cause various kinds of toxicities such as cardiotoxicity, neurotoxicity 
and ocular toxicity as a result of short term and / or chronic exposure to commonly used 
pesticides such as DDT, endosulfan and HCH (Ray et al., 1992). A number of types of 
cancers have also been attributed to the exposure of pesticides (Janssens et al., 2001; 
Jaga and Duwi; 2001; Tisch et al., 2001). The manner in which pesticides affect us has 
been shown in Fig. 4. 
Water pollution by metals and their toxicity 
Heavy metals are considered one of the major pollutants of water (WHO, 1972; 
Abel; 1996; Hammer and Hammer Jr., 2000). Due to the increase in industrial and 
agricultural activities, environmental contamination of the aquatic environment is caused 
due to heavy metals. These heavy metals can enter the food chain and as a result of 
bioaccumulation may pose serious health problems to humans (Lorenzon et al., 2000). 
Major aquatic pollutants in the class of heavy metals include cadmium, mercury, zinc, 
copper and lead (Hammer and Hammer Jr., 2000). 
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Table 1: Summary of pesticide mechanisms of action on target organisms 
Pesticide 
Class 
Organophosphate 
Organochlorines 
Herbicides 
Broad-spectrum 
biocides 
Groups 
included 
Carbamates 
Cyclodienes 
Ureas, 
cyclic ureas. 
triazines, 
acylanilides, 
phenylcarbamates 
triazinones 
Bipyridiniums 
Pyridazinones 
Chloroacetamide 
Dinitroanilines. 
phosphoric amides. 
chlorthaldimethyl. 
propyzamide. 
cholchicine, 
terbutol 
Chlorophenols 
Tributyi tins. 
trialkyl tins 
General Toxic 
effect 
Nervous sj'stem 
inhibition 
Nervous system 
inhibition 
Photosynthesis 
inhibition 
Photosynthesis 
inhibition (light 
reaction 
Biosynthesis 
inhibition 
Biosynthesis 
inhibition 
Biosynthesis 
inhibition 
Multiple inhibiting 
actions 
Respirator,^ s>stem 
inhibition 
Specific 
site of 
action 
Acetylcholinesterase 
GABA receptor 
Hill reaction 
of electron 
transport 
Reducing side 
of photosystem I 
Carotene 
accumulation 
Fatty acid 
synthesis 
Microtubule 
formation 
Phosphorylation. 
protein synthesis, 
lipid biosynthesis 
Mitochondrial 
ATPase 
(Adopted from DeLorenzo, M.E., Scott, G.I. and Ross, P.E. (2001) 
Environ. Toxicol. andChem. , 20: 84-98.) 
Cadmium and mercury in particular represent pail of the major aquatic pollutants 
as they are present throughout the ecosystem and are detectable in critical amounts 
in various parts of the world (Georgudaki and Kotsanis, 2000). A joint study 
conducted by UNEP, FAO and IAEA in 1995 categorized a number of metals as possible 
carcinogens. It was based on the results of epidemiological studies and / or of 
carcinogenicity bioassays (lARC, 1987; Snow 1992; Waalkes et al.,1992 ; Georgudaki 
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and Kotsanis, 2000). Among the potent carcinogens from the metals, arsenic, selenium 
and cadmium were found to be of high risk. Mercury was not found to be carcinogenic in 
epidemiological studies (lARC, 1987; UNEP/FAO/IAEA, 1995). 
The necessity of heavy metals in diets is well documented, e.g. zinc is an essential 
dietary element, too little of it causes health problems but too much of it can also be very 
harmful. Copper is also an essential component of some enzymes and proteins. Its 
deficiency can lead to serious health concerns whereas its excess can also land to the 
same problem. The harmful effects of metals are very large. For example exposure to 
high levels of mercury can result in the damage to nervous system, loosening of the teeth 
and corrosion and ulceration of the entire digestive tract. The USEPA has set a limit of 2 
parts of mercury per billion parts of drinking water. Cadmium is a metal commonly found 
in industrial workplaces where ore is being smelted or processed. Chronic cadmium 
exposure has been linked to biological effects including renal dysfunction, calcium 
metabolism disorders and increase in certain forms of cancer. Signs of zinc overdose are 
gastrointestinal irritation, painful urination and low blood pressure. Lead exposure may 
lead to neurotoxicity 
Water Pollution in India: An Overview 
India is a large country with high population which is increasing day by day The 
economy of India, is based upto a large extent on its agricultural sector. The poor 
population of India has to depend mainly upon the rain Gods for their farming. Besides 
this, water is required for many other purposes such as drinking, washing, bathing and 
fulfilHng numerous other daily chores of life. A brief description, therefore, is provided to 
give an idea about the water resources of India. 
The average annual precipitation of water is approximately 4000 cubic Km (Km-') 
and the average flow in the river systems is estimated to be around 1880 Km\ Since the 
monsoon is only for 3 months, the utilizable quantum of water is around 690 Kml The 
quantum of ground water extracted annually is about 450 Km-*. Thus about 1140 Km' of 
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water is available for exploitation and is supposed to be adequate to meet all the needs 
(SOER,2001). 
The National Water Policy accords highest priority to the drinking water supply. 
While, piped water supply is provided in most parts of the urban areas, only a little more 
than 50% of the population is covered by sanitation. Most of the water supplies are 
obtained from infiltration galleries and well sunk in the beds of the main rivers or their 
distribution. Despite chlorination, water supplied to the consumers, some times shows 
evidence of faecal population. Water is rendered non potable in various parts of the 
country because of the presence of heavy metals, fluoride, arsenic, nitrates and other 
pollutants in excess. Ground water supplies are also saline in many parts of the country. 
During summer, the problem of water pollution becomes critical as the water supplies 
become scarce. Various waterborne diseases such as diarrhoea, jaundice, typhoid, 
gastroenteritis, cholera and malaria have come to be accepted as inevitable all over the 
country (SOER, 2001). The hazards and health risks associated with this water could 
very clearly be understood. 
National water quality status 
The CPCB, the nodal agency of the government of India, involved in the control 
and abatement of pollution has been monitoring water quality of national aquatic resources 
in collaboration with other state pollution control boards at 507 locations. Out of 507 
locations, 418 are on rivers and 34 stations are on lakes. This makes a total of 452 
monitoring stations for water quality monitoring of surface water. Groundwater monitoring 
on the other hand has been done at 25 stations. As many as 430 of the monitoring stations 
out of 507 are covered under the MINARS, 50 stations are working under the GEMS 
and 27 locations are under the YAP programme (SOER, 2001). 
Water pollution can be classified under three headings: 
1. Surface water pollution 
2. Ground water pollution, and, 
3 Water oollution due to industrial wastes 
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1. Sutface water pollution: In this category the pollution of Indian rivers lakes and 
wetlands are considered. 
(i) Pollution of Rivers: According to a study conducted by Ministry of Environment and 
Forests, Govt, of India, it is reported that 17 categories of industries were responsible 
for pollution of surface water in India during the last couple of years (SOER, 2001) 
They are Aluminium, Copper, Iron and Steel, Zinc, Caustic, Cement, Dyes, Fertilizers, 
Pesticides, Pharmaceutical, Refinery, Textiles, Petrochemical, Paper and Pulp, Sugar, 
Distillery and Leather Industries. 
On tht other hand, the CPCB, has also been monitoring water quality of national 
aquatic resources. The monitoring data obtained by CPCB revealed that organic and 
bacterial contamination were the critical pollution factors in the Indian water resources 
This was mainly due to discharge of untreated waste waters from the urban agglomeration 
(SOER, 2001). 
The water quality monitoring results were analysed with respect to BOD and total 
coliform. The analysis of the water quality for the last 13 years revealed an interesting 
pattern of the BOD values below 3mg/ml. Between 1986-1991, 60% of the BOD values 
for obtained were below 3mg/l. But this value came down gradually to 54% in 1994-95 
and again jumped to 57% in 1998. This data shows that water quality was quite bad 
during 1986-1991, improved a bit during 1994-95 and again showed some slight 
deterioration. Similarly BOD values above 6mg/ml (1986-1991) shows a high increase 
to 15% in 1998 (SOER, 2001). 
On the basis of the studies of the last 10 years, the CPCB determined the surface 
waters in riverine length having different level of pollution. A riverine length of 6,086 km 
(about 14%))was found to be severely polluted, 8,691 km (about 19% of total riverine 
length) was moderately polluted, and the rest that is comprising of about 30,242 kms of 
the riverine length was found to be relatively clean. 
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(ii) Pollution of lakes and wetlands: In India natural and man made lakes happen to be a 
major source of water. The factors contributing to the depletion of water quality of these 
water bodies has been attributed to excessive siltation, variation in run off" and changing 
land use. The water quality in lakes is also affected by run off loaded with fertilizers, 
pesticides coupled with discharges from industries as well as human settlements. To prevent 
further deterioration in the water quality of these water bodies, some preventive measures 
have been undertaken. They include watershed management, dredging operations, 
emphasis on treatment of effluents before discharge into the lakes and disposal of solid 
wastes away from the shores of lakes. 
2. Ground water pollution: Contribution of ground water for drinking as well as industrial 
and irrigation purposes has been on the increase during the last two decades. Indiscriminate 
extraction of ground water already poses the threat of aquifers going dry in some parts of 
the country. A.s already reported ground water supplies have been found to be saline in 
many parts of the country. 
A number of studies have been undertaken to identify areas affected by bacterial 
contamination due to E.coli and other non-pathogenic bacteria such as sulphate reducing 
and iron bacteria (Handa, 1993a, 1993b). Also some studies have been conducted (Handa, 
1992) to identify pollution due to mining activities, industrial waste effluents, ammonia 
and nitrate (Datta, 1999). A summary of the major pollutants in ground water is listed in 
Table 2 based on reports of CPCB(1995). 
3. Industrial effluents pollution: The prevention of water pollution by industrial effluents 
in India is being monitored jointly by the central government and the state governments 
The main issues characterising water use by industries include (i) lack of national bench 
marks for consumption of water per unit of production, (ii) limited recycling and reuse of 
water, (iii) no incentive or compulsion to adopt "Zero Discharge" concept, and , (iv) evolution of 
the concept of CETPs to check the water pollution caused by the activities of small scale industries. 
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Table 2: Major contaminants of water observed around towns with hazardous waste disposal 
sites in different states (Based on Reports of CPCB, 1995) 
Contaminants 
exceeding 
permissible limits 
Heavy metals, F, NO, 
Nitrates 
Cd. Pb (too high). 
Pesticides 
Fe. Mil, Pesticides. 
TDS, NO, 
Fe. Cr. Pb. Cu. Cd 
State 
Andhra 
Pradesh 
Assam 
Bihar 
Delhi 
Location Industrial 
Towns 
(No. of wells) 
Vishakapatnam (7) 
Potancheri-Bolaram (7) 
Digboi (4) 
Dhanbad (5) 
Najafgarh (9) 
Gujrat Vapi (5) 
Himachal 
Pradesh 
Karnataka 
Kerala 
Madh\a 
Pradesh 
Panvanoo (5) 
Kala Ainb (4) 
Bhadravathi (5) 
Greater Cochin (5) 
Korba (6) 
Nagda-Ratlam(lO) 
Maharashtra Chembur (6) 
Orissa 
Punjab 
Taichcr(lO) 
Govindgarh (5) 
Rajasthan Pali (6) 
Jodhpur (6) 
Tamil 
Nadu 
Uttar 
Pradesh 
West Bengal 
Manali (6) 
North Arcot( 12) 
Singrauli (6) 
Pesticides 
Phenolics. Pesticides 
Pb. Cd 
Cd. Pb, Mn. Pesticides. 
Phenolics 
Zn, Fe, Mn. Pesticides 
Heavy Metals (Fe). F. 
Pesticides. Acidity 
Zn. Fe. F (high). 
Cd. Cr Cu 
(Ash. Red Mud) 
Pb. Hg 
Not significant 
(Resident in soil) 
Cr, Pb. Mn (too high) 
+ other heav>' metals. 
F. Microbial Activity 
Fe. Zn, Cd, Cr, Mn, 
Pb+Microbial Activity 
Pb, Fe, Zn. (Trace-
heavy metals), 
Unsuitable for irrigation 
Fe. Cr Mn 
Na. F, NO,. 
Microbial activity 
High Cr 
High Cr, Fe, F 
Durgapur (5) Pb, Hg, Fe, Mn, Pesticides 
Howrah (5) Pb. Cd, Cn Fe, Mn 
DDT 
Adopted from Industries solid waste Management and land filling practices, Narosa 
Publishing House, New Delhi (1999) (ed.) Manoj Dutta. 
Source of 
Pollution 
Industry 
Fertilizer Zn, 
Petroleum refiner} 
Drug/Pharmaceutical 
Small and Medium 
Fertilisers, 
Chemical units 
Insecticide, Caustic 
Soda. Vanaspati. 
Electroplating 
Pesticide. Chemical 
Phaniiaccutical & D\c 
Agro Pesticide. 
Fruit Processing 
Paper mills 
Steel. Paper Mills 
Fertiliser Pesticide. 
Chloralkali Chemicals 
Thermal Power 
Plants Mining. 
Aluminium 
Distiller*'. 
Pharmaceuticals 
Dye-inlermediatcs 
Fertiliser Petroleum 
Industries, Oil Refinen 
Fertilizer Aluminium 
Thermal Power 
Plants. Hea\y water 
Steel Re-rolling 
Mills. Wooden 
Industries 
Textiles. Small 
Scale Industries 
Textile. Chemical, 
Dyes. Small 
Engineering (6.32) 
Oil Refinery 
Power Station, 
Confectioners-
Tanneries, Agriculture 
Thermal Power 
Plants, Aluminium. 
Chemical, C 
Steel. Coal Handling 
Small Scale and other 
Engineering Industries 
16 
Water toxicity and toxicity tests 
Pollution of any form is a wasted resource and bodes well neither for the economy 
nor for the environment. Thus a prescription for rapid economic development underlines 
the maintenance of ecological balance which is synonymous with natural resource -
conservation and optimization. Water is one such natural resouice without which no life 
form can sustain. Water pollution has, therefore, lately attracted a lot of attention due to 
its multidimensional hazardous eflFects. An epidemiological study of chemical contaminants 
in drinking water which included arsenic, aluminium, disinfection by-products, fluoride, 
lead, pesticides and radon have been carried out by Calderon (2000). Health effect reports 
have included various cancers, adverse reproductive outcomes, cardiovascular diseases 
and neurological diseases An extensive review has also been done for drinking water and 
the risks of cancer by Cantor (1997). The author has established epidemiologic evidence 
relating the chemical contaminants found in drinking water and cancer Water toxicity 
testing thus assumes a significant proportion in health risks assessment. 
Monitoring the water pollution is also a form of prevention/control of water 
pollution For monitoring of the water pollution, the toxicity tests are highly desirable. 
Toxicity tests of water samples are usefijl for a variety of purposes that include determining: 
(i) suitability of environmental conditions for aquatic life, 
(ii) favourable and unfavourable environmental factors, such as DO, pH, temperature, 
salinity or turbidity, 
(iii) effects of environmental factors on waste toxicity, 
(iv) toxicity of wastes to a test species, 
(v) relative sensitivity of aquatic organisms to an effluent or toxicant, 
(vi) amount and type of waste treatment needed to meet water pollution control 
requirements, 
(vii) effectiveness of waste treatment methods, and, 
(viii) compliance with water quality standards, effluent requirements and discharge permits 
(USEPA, 1987, 1991; APHA, 1995). 
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Toxicity tests are necessary in water pollution because chemical and physical tests 
alone are not sufficient to assess potential effects on aquatic biota (USEPA, 1987, 1991, 
APHA, 1985, 1995). For example the effects of chemical interactions and the influence 
of complex matrices on toxicity cannot be determined from chemical tests alone. Different 
species of aquatic organisms are not equally susceptible to the same toxic substances nor 
are organisms equally susceptible throughout the life cycle. Even previous exposure to 
toxicants can alter susceptibility. In addition, organisms of the same species can respond 
differently to the same level of a toxicant from time to time, even when all other variables 
are held constant (USEPA, 1987, 1991; APHA, 1985, 1995). 
Duriiig the last decade it became clear that the chemicals present in the mixture of 
pollutants may be (a) "antagonistic" to each other, where the observed effect is lower 
than that predicted, (b) "synergistic", so that the observed effect is greater "more toxic" 
than that predicted, (c) "neutral" so that the effect noted, if any, is due to the action of 
one chemical, or, (d) "additive", so that the effect noted is equal to the sum of its part as 
predicted (Dutka, 1996), 
Toxicity screening tests 
In general there are two main categories of toxicity screening tests, viz. tests based 
on /// vitro health effects and ecological effects. 
Toxicity tests involving health effects are based on the use of subcellular components 
(e.g. enzymes, DNA, RNA), isolated cells (e.g. E-screen, cell cultures, red blood cells), 
tissue sections or isolated whole organs (Malcom and Pringle, 1975; Autian and Dillingham. 
1977; Christian et al., 1977; Soto et al., 1992; Dutka, 1996). These tests consist of 
determining cell viability (vital staining-dye inclusion test, plating efficiency, colony 
formation, cell reproduction, DNA unwinding, micronucleus increase or macronuclear 
biosynthesis) 
Ecological effect based tests are mainly conducted to measure/assess the acute 
toxicity of chemicals to aquatic organisms representing various trophic levels of the food 
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chain. These tests help in the estimation of chemical toxicity in natural and man-modified 
ecosystems. Bacteria and their enzymes, algae, zooplankton, benthic invertebrates and 
fish have been used in these tests (USEPA, 1979; Bitton and Dutka, 1986; USEPA 1989, 
USEPA, 1989a; Dutka, 1996). 
Development of "Battery of Bioassays" Approach 
The multidimensional hazardous effects of water contaminants are now very clearly 
understood and the need to identify these contaminants and their risk assessment are also 
very c'ear Traditionally the impact of toxic pollutants discharged into water bodies has 
been evaluated by measurement of specific chemical pollutants, or perhaps, more 
commonly surrogate chemical parameters in the discharge. A major drawback to this 
approach is the need for complex analytical techniques in the identification and 
quantification of the pollutant of interest. Furthermore, risk estimation derived solely 
from the presence of specific pollutants requires detailed knowledge of the toxicological 
properties of each pollutant, both singly or in combination. An alternative approach to 
water quality assessment involves the use of the biological test systems for determining 
the toxicological impacts of the contaminated water (Malik and Ahmad, 1995; Rehana et 
al., 1995, 1996, Dutka, 1996). 
The present state of pollution and its multidimensional hazardous effects have led 
to the development of a number of biological assays for assessing the toxicity of the 
pollutants in the living systems. Biological assays involve the use of test organisms from 
different trophic levels of the food chain, viz. bacteria, algae, microinvertebrates, higher 
plants, fishes, etc. These bioassays offer a number of advantages over the monitoring of 
specific or selected groups of chemicals. For example, analytical testing for every suspected 
chemical in a water sample can cost several thousand of dollars, takes weeks to perform 
and will still not provide information on possible synergistic toxic responses or on the 
bioavailability of the toxic agents (Dutka, 1996). 
As is evident, the toxicity testing of water is very important. But unfortunately 
there is no instrument devised by man that will measure toxicity or genotoxicity, this 
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important property must be measured with living organisms, the only suitable material 
available for this purpose. This awareness has stimulated an ever growing number of 
intensive and extensive bioassays based investigations on the toxic effects of pollutants. 
Moroever, in response to these expanding stresses in our environment and in the belief 
that there is, as yet, no single criterion by which we can adequately judge the potential 
hazard (either to the environment or man) of a given substance, a multitude of biological 
assays and procedures have been developed, proposed and used to asses toxic impacts. 
Moreover, as Dutka (1996) concluded in his theme paper presented in the Water 
Tox Workshop, held at Ottawa, Canada that no one biological species, system or assay 
can measure/indicate the potential effects from all chemicals specially due to a significantly 
high percentage of false negatives in the single test, though massive spills and other 
extremes which kill everything will of course, be detected by any bioassay. 
On the other hand chronic toxicity estimation while providing valuable information, 
has proven to be very frustating, expensive and time consuming. Three chronic toxicity 
bioassays used by Dutka and Coworkers (1995), viz. Daphnia magna, Ceriodaphiua 
spp., and the microtox chronic test bear the testimony to this fact. The cladoceran test 
were very time consuming due to the number of repetitions required to obtain a 
reproducible value. While the microtox chronic test has its own failures such as the 
reconstitution media not supporting appropriate bacterial growth (Dutka, 1996). 
One of the ways of addressing these problems was the development of various 
short term, inexpensive bioassays to screen the samples for an indication of toxic, genotoxic 
or chronic effects and then prioritize the samples or sampled areas for chemical analyses 
and/or more intensive studies. Application of these short-term as well as long term 
bioassayfto environmental samples soon revealed that there was not a single test (bioassay) 
which was responsive to all toxicants or mixtures of toxicants. This realization led to the 
concept of using several bioassays to ascertain environmental water quality and the 
ecological impacts of effluents, discharges and emissions and this soon became known as 
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the "battery of tests" approach. Bioassays making up various batteries were often from 
different trophic levels and with different end-points (Dutka, 1996). These short term 
bioassays could also be used to assist scientists and engineers of industries to have a 
check in their in plant toxic stream flows. 
To determine the chronic toxicity also, these bioassays have been found to be 
invaluable.Chronic toxicity screening tests are necessary because they provide an insight 
of adverse biological effects that result when an organism is exposed to trace amounts of 
bioaccumable toxicants/genotoxicants over its entire life cycle (APHA, 1995; Dutka, 
1996). Since these tests are difficult and also expensive to perform, abbreviated version 
of them have been developed which use only the most vulnerable life-stages such as 
growth or reproductive capacity (Dutka, 1996). 
Thus, it is strongly recommended that a "battery of test approach" is necessary for 
toxicity screening and monitoring because "different pollutants" affect different biological 
systeniS in a variety of ways (Dutka, 1996). Previous studies on the toxicity evaluations 
of water samples employing a battery of four cost effective tests strongly supported the 
need of associating toxicological monitoring with chemical analysis in hazard assessment, 
environmental quality control and waste management (Lambolez et al., 1994; Dutka, 
1996). 
The Water Tox Workshop organized by IDRC in June 1996, identified the following 
criteria for an ideal battery of tests : 
(i) The battery must contain test organism of two or more trophic levels, 
(ii) The t'^ sts in the battery must be low cost. 
(iii) The materials and supplies required by the test must be locally available, 
(iv) The tests in the battery must be sensitive, wide-spectrum and non-reduntant 
(v) The tests in the battery must be safe and non polluting, 
(vi) The tests in the battery must be simple and performable locally, 
(vii) The tests in the battery must be well standardized and reproducible, 
(viii) The tests in the battery must be universally applicable. 
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Toxicity testing : Present scenario 
A number of organisms from different trophic levels are being used for toxicity 
studies The organisms used for these studies include bacteria, protozoaTtf.algae, 
coelenterates, nematodes, arthropods and some vertebrates including fishes and 
amphibians. Plant based systems have also been employed lately for use in toxicity/ 
ecotoxicity/genotoxicity evaluations and heahh risk assessment procedures. Recently 
Delmas et al. (2000) suggested that measurement ofthe rate of growth of cultured human 
cells can be used as an index to evaluate the toxicity of inorganic contaminants in industrial 
effluents A brief outline ofthe use of various organisms used for toxicity evaluation is 
presented here. 
(1) Bacteria 
Microorganisms, specially bacteria are used in the microbial based toxicity tests, 
which are supposed to be quite acceptable and affordable (Dutka, 1996). The commonly 
used bacteria are Vibrio spp., E.co/i, Spirilhmi vohitans, Bacillus cereus, Salmonella 
spp.and Pseudomouas spp. These candidates are strongly recommended to be included 
in the '"battery of bioassays". Vibrio fischeri has been effectively used to assess the toxicity 
of pesticides and the compounds eliciting delayed toxicity (Ruiz et al., 1997; Froehner et 
al.,2000) Ma et al. (1999) have used a luminescent bacterium, Vibrio qitihaiensis spp 
Nov-Q67 to assess the toxicity of water. Spirillum volutaiis has also been used to assess 
the toxicity of water as reviewed by Dutka (1996) though he has recommended the use 
0^Bacillus cereus in evaluating the toxicity of water soluble and insoluble chemicals. 
Moreover, Vibrio fischeri along with Pseudomonas putida have also proved to be 
very sensitive in studying the toxicity of water extractable soil pollutants (Maxam et al., 
2000). Morover, these bacteria were included in the battery of bioassays designed to 
evaluate the toxicity of bioleached sewage sludge after metal removal (Renoux et al., 
2001). Recc^ntly Choi and Cu (2001) have demonstrated the use of bioluminescent A', coli 
strain DPD 2540 to detect contamination in water. The role of E.coli repair defective 
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mutant strains in detecting DNA injury by water borne pollutants have been shown by 
Rehanaetal. (1996). 
Perhaps the most widely used bacterial strains for mutagenicity testing are the 
specially engineered Salmonella typhimurium strains or more commonly known as the 
Ames strains. These strains have long been used extensively for mutagenicity/ 
carcinogenicity testing (Maron and Ames, 1983; Park et al., 2001). In our laboratory 
these strains have been used to evaluate the genotoxicity of various water samples obtained 
from riverine system and industrial effluents (Malik and Ahmad, 1995; Rehana et al, 
1995, 1996). Hirose et al. (1999) employed these strains to study the genotoxicity of 
drinking water. 
(2) Invertebrates 
Invertebrates have also proved to be a usefial tool in toxicity evaluation procedures 
Although the arthropods were used by many workers, the application of protozoans, 
coelenterates and nemathelminthes was also documented (Gunatilleka and Poole, 2000; 
Karntanut and Pascoe, 2001). 
Among the arthropods, the cladocerans and the crustaceans are the most widely 
used organisms. Daphnia magna and Ceriodaphnia magna have been widely used for 
toxicity assessment of aquatic bodies (Dutka, 1996). Daphnia magna was specially proved 
to be invaluable in detecting pesticide pollution (Okamura et al., 1999; Villaroel et al., 
2000). Kikuchi et al. (2000) have strongly recommended the use of Daphnia magna 
immobilization test to be used as a low cost preliminary screening method for insecticide 
pollution. The toxicity of water extractable soil pollutants has been studied by this bioassay 
(Maxam et al., 2000). This test was also included in the battery of bioassays by Renoux 
et al. (2001) to evaluate the toxicity of bioleached sewage sludge after metal removal. 
Costa et al. (1998) have recommended the use of an amphipod, Gammanis locusta, 
for toxicity testing as it detects heavy metals as well as pesticide toxicity with equal 
sensitivities. The sensitivity of the amphipods in detecting heavy metal pollution has also 
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been demonstrated by Canivet et al. (2001), using three species of the amphipods 
Shrimps and crabs have also lately come into use for toxicity evaluation procedures 
A brine shrimp (Artemia salina) was used as a tool to detect the toxicity of mycotoxins 
in a short term bioassay (Hartl and Humpf, 2000). Gunatilleka and Poole (2000) employed 
the same shrimp to assay the non-specific toxicity of mycotoxins in a short term bioassay 
Recently./^'a/aemo/; elegans was used to determine the comparative toxicity of heavy 
metals by Lorenzon et al. (2000). Another shrimp. Anemia fransiscana has lately been 
found useful in assessing the toxicity of heavy metals such as cadmium and chromium 
a'ong with some organic compounds, like organotins (Hadjispyrou et al., 2001). The use 
of crab has also been recently advocated to detect heavy metal pollution in water by 
Schuwerack et al. (2001) 
Worms have also been used for toxicity testing. Ecotoxicological studies of soil 
have been conducted by Eistiei andrei mortality test (Rocheleau et al., 1999) l-]isnei 
anJrei mortality tests also found application in the use of toxicity assessment of energetic 
compounds and the soil contaminated with these compounds such as TNT and RDX 
(Robidoux et al., 1999, 2000). 
A new bioassay using the fruit fly (Drosophi/a melanogaster) has been developed 
recently to detect insecticide pollution by Grant (2001). Nematodes have also been used 
extensively for toxicological monitoring and assessment (Power et al., 2000). Samioloft" 
(1987) demonstrated the sensitivity of Panagrelliis rediviviis for toxicity and described 
nematodes as an indicator of toxic environmental contamination. Panagrellus rediviviis 
and some other nematodes from different species have been used to study the toxicity of 
heavy metals, pesticides as well as phenolics (De Buss and Nieman, 1994; Kammenga et 
al, 1994). Hitchcock et al. (1997) on the other hand used the nematode, Caenorhahdilis 
elegafis, to study the toxicity of municipal and waste water. 
The application of protozoans for toxicological monitoring is fast gaining new 
insights. Gunatilleka and Poole (2000) have used the protozoan, Tetrahymenapyriformis 
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to evaluate the non-specific toxicity of some organic compounds. This protozoan has 
also been used by Girling et al. (2000) to assess the toxicity of freshwater systems. 
Among the coelentarates, the Hydra sp. have been used widely for toxicological 
studies (Johnson et al., 1988; Blaise and Kusui, 1997). Recently Karntanut and Pascoe 
(2000) have described the use of Hydra vulgaris to detect heavy metal toxicity very 
effectively. 
(3) Vertebrates 
Among the vertebrates fishes have been regularly used for toxicity testing. It has 
been stressed that fish toxicity testing is important because fishes have been shown to 
respond to carcinogens in much the same manner as mammalian species. It is, therefore, 
estimated that fish can be a front line indicators of suspected aquatic pollutants (Masahito 
et al., 1988; UNEP/FAO/IAEA, 1995; Bailey et al., 1996; Georgudaki and Kotsanis, 
2001). Recent studies have established that the amphibians can also be used as a good 
indicator of toxicity. The effect of malathion on Rana castesbina have been studied by 
Fordhametal.(2001). 
(4) Algae 
Algal sensitivity has also been exploited in water toxicity testing (Gunatilleka and 
Poole, 2000; Franklin et al., 2001). Kallquist (1984) used the algal immobilization test 
for toxicological studies. Recently Gunatilleka and Poole (2000) have included the alga, 
Scendesmiis quadricuda in a battery of bioassays to study the toxic effect of some organic 
compounds. Scendesmiis subspicatiis have been used to assess the toxicity of certain 
water extractable soil contaminants (Maxam et al., 2000). Franklin et al. (2001) have 
reported the use of freshwater algae, Se/enastriim capriconnUuw, Chlorella sp., as well 
as marine algae, Phaeodacytyhum trichornutiim and Diinalie/la tertiolecta to assess copper 
toxicity in freshwater as well as natural waters. 
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(5) Plant bioassays 
The use of plant material in toxicity assessment is attributed to the fact that these 
tests are relatively simple to perform, inexpensive, biologically sensitive and rapid. These 
tests do not use the mortality procedures rather the inhibition in the growth of root and 
shoot indicates the impact of toxicants/genotoxicants. 
The main categories of the plant bioassays are those employing the plants. Allium 
cepa, Tradescantia and Viciafaba, and the seed germination test using seeds of lettuce, 
millet, cucumber, cabbage, radish and a number of other seeds recommended by agencies 
like FDA, OECD and USEPA. The Allium cepa, Tradescantia and Vicia faba are used 
for the growth inhibition test, chromosomal aberration test and the micronucleus test, 
whereas the seed germination test is used for the toxicity assessment of various chemicals 
and environmental samples. 
Allium cepa test was introduced in 1938 by Levan. Since then the Allium cepa test 
has been used for environmental monitoring. This test has been used for the genotoxicity 
assessment of heavy metals, pesticides and industrial waste waters (Chauhan et al, 1986, 
Fiskesjo, 1988, Grover and Kaur, 1999). Kovalchuk et al. (1998) used this assay to study 
the genotoxicity of soils whereas Steinkellner et al. (1998) demonstrated the genotoxic 
potential of heavy metals. Recently de Lima and Jordaq (2001) have used this assay to 
evaluate the genotoxic potential of municipal waste water. 
Tradescantia stamen hair assay and micronucleus assay have been successflilly 
used by Fomin et al. (1999) to evaluate the genotoxicity of mine dump material. This 
assay was demonstrated to be quite sensitive to evaluate the genotoxicicity of gaseous as 
well as liquid forms of pesticides (Mohammed and Ma, 1999). Kong and Ma (1999) used 
this assay to determine the genotoxicity of soil samples. Moreover, the validity of this 
assay has also been established for the monitoring of air borne contaminants (Monarca et 
al, 2000) 
The Vicia faba assay is also used routinely for toxicity/genotoxicity assay. Genotoxic 
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evaluations of various water bodies have also been carried out using this bioassay (Duan 
et al., 1999;Cordova et al.,2001;Zhong et al.,2001). 
The seed germination test is carried out with lettuce, cabbage, millet , rice, radish 
or any other fast growing seeds. Malette et al. (1960)had employed this test to study the 
inhibit-on of some chemicals on germination on seeds.Later on Wang(1987) has shown 
the sensitivity of this test to detect inorganic as well as organic contamination. This test 
was fijrther employed to assay the toxicity of toilet sludge also(Robidoux et al., 1998b) 
Moreover, this test was included in the battery of bioassays to evaluate the remediation 
of lead contaminated soil by Chang et al. (1997). Recently Gong et al. (2001) have also 
demonstrated the efficacy of this assay in the ecotoxicological assessment of soil. 
BIOASSAYS USED IN THIS STUDY : AN OVERVIEW 
Amongst the various bioassays used for toxicity evaluation procedures, we have 
selected the battery of five bioassays for toxicity evaluation. These bioassays are listed as 
under 
1 All mm cepa system for the toxicity and genotixicity testing, 
2. Seed germination test, 
3 Ames plate incorporation test 
4. Ames fluctuation test, and 
5. SOS repair test with E.coli system 
The first two tests are plant based and the rest are microbe based bioassays 
1. Allium cepa test : 
Ma (1999b) and Gopalan (1999) have reviewed the use of the plant based tests, 
including the Allium cepa test and strongly recommended the development of these 
bioassays as a community level programme for the common man to derive benefit from 
this test. These tests are cheap, easy to perform, sensitive, biologically active and rapid. 
Allium cepa test has been used extensively to study water, air and soil pollution (Sabti, 
1989;Fiskesjo, 1993; Kovalchuket al., 1998). The genotoxic impact of heavy metals has 
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been very clearly demonstrated by this test (Fiskesjo, 1988; Steinkellner et al., 1998) 
Moreover, this test was also employed for genotoxicity evaluation of certain pesticides 
(Kumari and Vaidyanath, 1986; Rank et al., 1993). The validity of this test in assaying the 
genotoxic impacts of industrial wastes and municipal wastes has also been demonstrated 
(Fiskesjo, 1993; Nielsen and Rank, 1994; Rank and Nielsen, 1994; Grover, and Kaur, 
1999;De Lima and Jordaq, 2001) Smaka Kind et al. (1996) have used the Allium cepa 
test to evaluate the quality of waste in surface and ground water samples. The Allium 
cepa -naphase-telophase-chromosomal aberration test has been used to study the 
mutagenic effects of N-methyl-N-nitrosourea, maleic hydrazide, sodium azide and 
ethylmethanesulfonate (Rank and Nielsen, 1997). 
.A.ccording to the studies of Datta (1999), water pollution in India is mainly supposed 
to be the result of heavy metals, pesticides and phenolics contamination. This test seemed 
to be the most suitable toxicity bioassay for our work. 
2, Seed germination test: 
This test has been recommended as a part of level I terrestrial environmental 
assessments using biological tests (Brusick and Young, 1981). Dutka (1996) has also 
strongly recommended this test in toxicological monitoring. Seed germination test has 
been used extensively to study the toxicity of inorganic compounds, specially heavy metals, 
and organic compounds, such as, pesticides and phenols (Ratsch and Johndro, 1986, 
Wang, 1986, 1987, 1994). Biney (1991) used this assay to characterize between natural 
and waste waters. Moreover, Chang et al.(1997) have also used this assay in studying the 
remediation of lead contaminated soil. The toxicity of illicit discharges of toxic substances 
in septic sludge, in chemical toilet sludge as well as in domestic sludge has been assessed 
using the seed germination method (Robidoux et al., 1998a, 1998b, 2000). This test has 
recently been used for studying the toxicity of certain nitrogen containing aromatic 
compounds (Wang et al., 2001). Juvonen et al. (2000) have used this bioassay to study 
the toxicity of oil spillage. Moreover, the toxicity of bioleached sewage sludge after 
metal removal has also been evaluated by this test (Renoux et al., 2001). 
2B 
The additional advantages of this test, besides its simplicity, ease to perform, low 
cost and sensitivity, are that seeds and seedlings occupy minimum space and do not 
create logistical problems of full scale studies. Considering these factors, this test has 
been included in our battery of bioassays. 
3. Ames plate incorporation test 
The Ames testing carried out by specially constructed Salmonella /yphimiiriimi 
strains is supposed to be the most important mutagenicity testing system. The Ames 
testing procedures have been used extensively for genotoxic studies of water borne con-
taminants, specially pesticides, in the riverine system (Rehana et al., 1995; 1996). Vahl et 
al. (1997) exploited this test as a tool to study the mutagenic action of suspended particulate 
matter (SPM) in water bodies. This test was also used to study the genotoxic impact of 
the industrial wastes and effluents (Malik and Ahmad, 1995). Claxton et al.(l998) 
reviewed the evaluation of genotoxicity of industrial effluents and has concluded that 
Ames Salmonella mutagenicity testing had been the most common test employed for the 
genotoxic assessment of the industrial wastes. The use of XAD resins to concentrate the 
groundwater for its genotoxicity assessment by the Ames test has been emphasised by 
KnasmuUer et al. (1998). The studies of Hiroseet al. (1999) established the genotoxicity 
of various by-products formed during the chlorination of the drinking water by the .Ames 
testing. The genotoxicity of acid waste water containing heavy metals has been docu-
menteo by the Ames testing procedure (Miadikova et al., 1999). The mutagenicity of 
halogenated acetonitriles, used for decontaminating drinking water was also established 
by Ames testing (Muller et al., 2000). The genotoxicity of drinking water has been as-
sessed by this test after XAD concentration by Park et al. (2000).Shen et al. (2001) have 
recently established the surface water genotoxicity by this test. Park et al. (2001) also 
recommended this assay to detect genotoxicants from various water bodies in Korea 
No genotoxicity testing is supposed to be complete without Ames test. Owing to 
its sensitivity and reliability this test was therefore a part of toxicity evaluation in our 
studies. 
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4. Ames fluctuation test : 
The Ames fluctuation test has a lot of advantages over the Ames plate incorporation 
test. It is carried out in microwell plates in the liquid media, with the ability of this test to 
be fully automated. This test was developed by Green and his colleagues (1976, 1977) 
using Ryan's modification (1955) on the fluctuation test, to develop a sensitive mutation 
assay. Bridges (1980) flirther demonstrated its validity to detect low levels of mutagens 
in the aqueous samples. Venitt et al. (1984) have recommended the use of this test to 
identify the chronic exposures of certain mutagens. This test was shown to be more 
sensitive than the Ames plate incorporation test under certain conditions (Levin et al., 
1981). Sorenson et al. (1982) have even used this assay to study the contamination of air 
samples. The Ames fluctuation test was found to be a highly sensitive technique for 
detection of bacterial mutagens because the low concentration of such mutagenic 
substances can only be detected by this assay (Gatehouse and Paes, 1983). This assay 
was relatively more sensitive than the Ames plate incorporation test for evaluating the 
genotoxic potential of metal ions (Arlauskas et al., 1985). This test was then routinely 
used to study the mutagenic action of some chemicals by Hayashi et al. (198 7). Le Curieux 
et al. (1993, 1994) have used this assay to determine the genotoxicity of five clorinated 
propanes and seven other chemicals including Cr '^. Recently, Muller et al. (2000) have 
reported the use of this assay in efficiently determining the genotoxic potential of certain 
water borne chemical contaminants. Moreover, this technique has been employed to study 
the mutagenic activity of river water also (Vargas et al, 2001). 
In view of the available literature on Ames fluctuation assay vis-a-vis its validity in 
various water toxicity evaluation this test was also a good candidate to become a part of 
our battery of bioassays. 
5. Survival of E.coli K-12 strains and prophage induction test : 
DNA repair test take a prominent position amongst the various bioassays used for 
genotoxicity testing. These repair assays have shown a good correlation with the 
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genotoxicity testing by the Salmonella typhimurium strains (Hellmer and Boldsfoldi, 
1992). It was also included in the battery of bioassays to study the genotoxicity of oil 
dispersants (De Flora et al., 1985). The mutagenicity of the reactive oxygen species has 
also been studied extensively, by the SOS test (MuUer and Janz, 1992; DeMarini et al., 
1992) Hellmer and Boldsfoldi (1992) have used the SOS defective E.coli K-12 strains to 
study the genotoxicity of several phenolics and other compounds. Moreover, the mutagenic 
activity of certain plant extracts used as herbal medicine in Brazil have also been shown 
by this test (Vargas et al., 1991). Rehana et al. (1996) also demonstrated the efficacy of 
SOS test in the evaluation of the genotoxicity of riverine water samples, supposed to be 
contaminated by pesticides 
The genotoxicity of chlorophenols, zearalone (an oestrogenic mycotoxin) and 
dichloreacetic acid (an organic solvent) and other related compounds has been studied 
employing the prophage induction test (De Marini et al., 1990; 1994; Ghedira et al 
1998). Recently, Vargas et al. (2001) have recommended the prophage induction test in 
detecting the genotoxicity of water samples where multiple pollutants are supposed to be 
present. As evident, this test has proved to be a better tool for genotoxicity assessment 
for a host of chemicals and water bodies and was therefore, included in our investigation 
for the comparative assessment of genotoxicity. 
DEFINITION OF THE PROBLEM AND OBJECTIVES 
India is an agricultural based country. The rapid industrialization process coupled 
with modem agricultural practices have resulted in large scale pollution of the environment 
As is evident from the literature, a very little attention seems to have been directed towards 
the development of a suitable system in terms of reliability and afibrdability vis-a-vis for 
the toxicological monitoring of potable water usually available to the common man of 
our country. We have, therefore, made an attempt in this direction to develop easy, cheap, 
sensitive, rapid and reliable tests which can be used by the common man or at the 
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community level, to assess the hazardous effects of the water, they are subjected to 
The toxicity tests using Allium cepa and seed germination method fulfil a lot of 
criteria to be developed for use in India. Since, India is a primarily agricultural country, 
these tests could easily be undertaken by the farmers for the toxicity assessment of water 
These tests do not require logistical support such as power, or any special apparatus. 
They can be carried out anywhere and no special skills are required for them. The labour 
required is also very low. These tests also take an average of 4 days to complete and the 
costs of these tests could run in less than $2 for Alliiim cepa test and less than $ 1 for the 
seed germination method. 
The E.coli K-12 survival test and the prophage induction test are very simple to 
perform and they take only 36-48 hours for the test to be completed. These tests have 
established a good correlation with other genotoxicity tests. 
No genotoxicity test is complete without the Ames test. This test has established 
itself to be very efficient in detecting genotoxicity of complex environmental mixtures 
like industrial wastes, ground water, drinking water and surface water systems. The Ames 
fluctuation test was also included in our tests to be developed for the regular monitoring 
of genotixicity of various water samples. This test has the potential to be flirther automated 
and large number of samples/compounds could be screened by this test for genotoxicity 
Tnis test could prove to be invaluable for the water samples containing very low amounts 
of genotoxicants. 
The last three tests, owing to microbes based require sterile area and a power 
supply. The labour is of course, high but skill required is medium. Besides the common 
requirements, microwell plates and multichannel pipette are exclusively needed for the 
Ames fluctuation test. 
Considering the above factors, these tests were selected to test the toxicity of water 
samples giving more emphasis to the genotoxicity testing. 
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The water bodies whose toxicity/genotoxicity was proposed to be tested included 
the ground water system, the riverine water system and the industrial effluents. The source 
of ground water sampleiidentified for this purpose was in the vicinity of industrial area. 
This was done with a view to ascertain the possible hazards the industrial pollutants 
could cause via the industrial discharges, because the pollutants would percolate easily 
into the ground water system. The industrial sewage at AJigarh, is supposed to be highly 
contaminated with heavy metals due to its world famous lock manufacturing industries 
and electroplating industries. For the riverine water system we selected the Yamuna river 
at the down stream of Agra. Yamuna, the second largest river of India is supposed to be 
heavily contaminated with inorganic as well as organic pollutants at Agra owing to its 
strategic position. Studies have been undertaken earlier in our lab to test the genotoxicity 
of the water samples of the Ganges, the largest river of India. 
Water sampling was proposed to be done thrice a year, viz. summer, monsoon and 
winter. During the summer it was thought that due to low water level the effects of 
pollutants could be maximum and opposite would be the case for monsoons. The winter 
being ecologically important season was also included for sampling in the proposed study 
Chapter II: 
General Materials 
and 
Methods 
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CHEMICALS 
The chemicals used during the present course of study with their sources are hsted as 
under: 
CHEMICAL 
Acetic acid glacial 
Acetone 
Agar powder 
Ampicillin 
BHC 
SOURCE 
Ranbaxy, India 
SRL, India 
Hi-Media, India 
Ranbaxy, India 
Local 
Bromocresol purple powder (pH 
indicator) 
Bovine serum albumin 
Cadmium chloride 
Calf thymus DN A 
Chloroform 
Chloromphenicol 
Citric acid monohydrate 
Copper sulphate 
D-Biotin 
DDT 
D-Glucose 
Dinitrophenol (DNP) 
Dimethyl sulphoxide 
Diphenylamine 
Dipotassium hydrogen phosphate 
(dibasic) 
Disodium hydrogen phosphate 
Ethanol 
Ethylene amine tetracetic acid 
Ferric chloride 
Qualigen's, India 
SRL, India 
Qualigen's, India 
Sigma Chemical Co.,USA 
Qualigen's, India 
Parke-Davis, India 
Qualigen's, India 
Qualigen's, India 
Hi-Media, India 
Local 
Qualigen's, India 
Qualigen's, India 
E.Merck, India 
Qualigen's, India 
Qualigen's, India 
Qualigen's, India 
Hayman, UK 
S.D. Fine Chem. Co., USA 
Loba-Chemie, India 
Glucose-6-phosphate SRL, India 
34 
Glycerol 
Histidine monohydrochloride 
Hydrochloric acid 
Hydroxyapatite 
Magnesium sulphate 
Mannitol 
Mercuric chloride 
Methyl methane sulphonate 
Nickel chloride 
Nicotinamide Adenine Dinucleotide 
Phosphate 
Nutrient agar 
Nutrient broth 
Orcein 
Perchloric acid 
Plasmid DNA (pBR322) 
Phenol 
Potassium chloride 
Potassium dihydrogen phosphate 
Resorcinol 
SI nuclease 
S9 fraction 
Sodium ammonium phosphate 
Sodium azide 
Sodium chloride 
Sodium dihydrogen phosphate 
Sodium hydroxide 
Sodium hypochlorite 
Sodium phenobarbital 
Tetracycline 
Tris-HCl 
XAD-8 
Zinc sulphate 
2-4D 
Hi-Media, India 
Sigma Chemical Co., USA 
E. Merck, India 
SRL, India 
Qualigen's, India 
Qualigen's, India 
E. Merck, India 
SRL, India 
Qualigen's, India 
SRL, India 
Hi-Media. India 
Hi-Media, India 
SRL, India 
E.Merck, India 
Bangalore Genei, India 
Loba-chemie, India 
BDH, India 
Qualigen's, India 
Qualigen's, India 
Sigma Chem.Co., USA 
Prepared in the lab 
E.Merck, Germany 
Hi-Media, India 
Hi-Media, India 
Qualigen's, India 
Qualigen's, India 
SRL, India 
Sigma Chemical Co., USA 
Ranbaxy, India 
Sigma Chemical Co., USA 
Serva GmbH, Hiedelberg, Germany 
Qualigen's, India 
Local 
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METHODS 
Maintenance and growth of bacteria: Each strain of Salmonella 
typhinmrium was streaked over master plate. A single colony was picked up, grown in 
minimal medium and repurified by streaking over fresh master plate . Likewise each 
strain of £ coli and lysogen were streaked over nutrient agar plates. A single colony 
was picked up and repurified by streaking over nutrient agar plate. 
The Salmonella iyphimurhim strains were tested on the basis of associated genetic 
markers after raising it from the single colony from the master plate. Having satisfied 
with the test clone the culture was raised and streaked over minimal and nutrient agar 
slants. It was then allowed to grow 0/N at 37° C. And stored at 4° C. Every month the 
cultures were transferred over fresh slants with TA102 as an exception. It was 
transferred after every fifteen days. Stabs were prepared for longer storage. For more 
longer storage glycerol culture of the tester strains were prepared and stored at -80° C 
MATERIALS 
Media for Ames Strains 
Medium for master plates and slants: The composition of the medium for Ames 
tester strains to prepare master plates and slants is as under: 
Sterile Agar 15g/910ml 
Sterile SOX VB Salts 20 ml 
Sterile 40% Glucose 50ml 
Sterile histidine.HCl.H2O 10 ml 
(2g/400 ml H2O) 
Sterile 0.5mM biotin 6 ml 
(30.9mg per 250 ml H2O) 
Sterile ampicillin solution 3.15 ml 
(8mg/ml0.02NNaOH) 
Sterile tetracycline solution 0.25 ml 
(8mg/ml 0.02N HCl) 
Tetracycline solution was added only for use with the TA102 strain which is 
tetracycline resistant. 
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Agar and water was autoclaved for 20 minutes. Sterile glucose,50X VB salts 
and histidine solutions were added to the hot solution. It was mixed and allowed to 
cool approximately to 50 °C. Add sterile biotin, ampicillin and tetracycline solutions 
aseptically. 
Stock solution of SOX VB salts 
Stock solution of VB salts (SOX) was prepared using the following ingredients. 
MgS04.7H20 10.0 g/1 
Citric acid monohydrate 100.0 g/1 
K2HPO4 (anhydrous) 500.0 g/1 
NaHNH4P04.4H20 175.0 g/1 
The salts were added in the order indicated in a 2-liter beaker or flask 
containing 670 ml of water. Each salt was allowed to dissolve completely before 
adding the next. The volume was then made upto to 1 liter. Distributed into two 1-liter 
glass bottles. This stock solution was autoclaved, loosely capped for 20 min at 121 °C. 
After the solutions have cooled down, the caps were tightened and stored at 
4°C. 
Minimal Glucose Plates for Mutagenicity Assay 
Sterile SOX VB Salts 20 ml 
Sterile 40% Glucose SO ml 
Sterile Agar 15 g/930 ml Distill H2O 
The above components were mixed with the molten agar and then 30 ml was 
poured over each plate. 
Top Agar for Mutagenicity Assay: The top agar contained 0.6% Agar 
powder and 0.5% NaCl, 10 ml of 0.5 mM histidine. HCl/ biotin was added to 100 ml 
of the molten agar and mixed thoroughly by swirling. 
37 0.5 mM histidincHCl/biotin for mutagenicity assay 
Ingredient 
D-Biotin(F.W.247.3) 
L-Histidine.HCl (F.W. 191.7) 
Distilled H2O 
("Per 250 ml) 
30.9 mg 
24.0 mg 
250 ml 
Biotin was dissolved by heating the water to boiling point and then histidine 
was mixed to it and sterilized at 121°C for 20 minute. 
Preparation of liver homogenate S9 fraction from rats : For the 
preparation of liver homogenate S9 fractions, the methods of Green et al. (1977) and 
Maron and Ames (1983) was followed. 
According to the method of Green et al. (1977) male Sprague Dawley rats 
weighing around 150 grams were fed with 0.1% w/v sodium phenobarbital in their 
drinking water for 1 week. After this the animal was sacrificed by cervical dislocation 
ensuring the complete removal of blood before the excision of the liver. 
All the steps of the procedure were carried out aseptically and at temperatures 
between 0-4°C using cold, sterile solutions and glasswares. The freshly excised livers 
were placed in preweighed beakers containing approximately 1 mi of chilled 0.15 M 
KCl per gram of wet liver. One rat liver weighed approximately 10-15 grams. After 
weighing, the livers were washed several times in fresh chilled KCl. The washed 
livers were transferred to a beaker containing 3 vol. of 0.15 M KC1(3 ml/g) wet liver 
and were minced with sterile scissors, and homogenized in a Potter-Elvehjem 
apparatus with a Teflon pestle or with a Polytron homogenizer. The homogenate is 
centrifuged for 10 min at 9000 g (approximately 8700 rpm) and the supernatant (the 
Sg fraction) was decanted and saved. The sterility of the preparation was determined 
by plating 0.1 ml in minimal agar plate containing histidine and biotin. The freshly 
prepared S9 fraction was distributed in portion of 1 ml in eppendorfs, frozen quickly 
in a bed of crushed dry ice, and stored at -80°C (Maron and Ames, 1983). 
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Recipe for preparing various components of S9 mix 
1. Salt solution: 
Ingredient Per 500 ml 
Potassium chloride 61.5 grams 
Magnesium chloride(MgCl2.6H20) 40.7 grams 
Distilled H2O 500 ml 
Dissolve ingredients in water. Autoclave for 20 min at 121°C and store at 4°C. 
2. 0.2 M phosphate buffer, pH 7.4 
Ingredient per 500 ml 
0.2 M sodium dihydrogen phosphate 13.8 g 
(NaH2P04.H20) 
0.2 M disodium hydrogen phosphate 14.2 g 
Test the pH. If it is too low, add more 0.2M disodium hydrogen phosphate to pH 7.4. 
Sterilize by autoclaving at 121°C for 20 minute 
3. O.IM NADP solution (nicotinamide adenine dinucleotide phosphate) 
Ingredient per 5 ml 
NADP (F.W. 765.4) 383 mg 
Sterile distilled H2O 5 ml 
4. 1 M Glucose-6-Phosphate 
Ingredient per 10 ml 
Glucose-6-Phosphate 2.82 grams 
Sterile distilled H2O 10 ml 
Per 50 ml 
Standard S9 mix 
2.0 ml (4%) 
1.0 ml 
0.25 ml 
2.0 ml 
25.0 ml 
High S9 mix 
5.0 ml (10%) 
1.0 ml 
0.25 ml 
2.0 ml 
25.0 ml 
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S9 mix (rat liver microsomal enzymes plus cofactors) 
Use : Mutagenicity assay 
Ingredient 
Rat liver 
MgCl2-KCl 
1 M Glucose-6-phosphate 
0 IMNADP 
0.2 M phosphate buffer 
(pH 7.4) 
Sterile Distilled H2O 19.75 ml 16.75 ml 
The ingredients should be added in the reverse order indicated above so that 
the liver should be added to the buffered solution. The solutions must be prepared 
fresh and kept on ice. 
Ames Fluctuation test 
Green et al. (1977) have used Ryan's (Ryan, 1955) modifications of the 
fluctuation test to develop a sensitive and simple mutation assay using the Salmonella 
typhinnirium strains. The components required for the Ames fluctuation test does not 
differ much from the components required by the Salmonella typhimurium strains for 
the mutagenicity testing by the plate incorporation test. 
The requirements of the Ames fluctuation test are as follows : 
1. 50XVB salts 
2. 20% Glucose 
3. 0.1% histidine (100 mg histidine is dissolved in 100 ml distilled 
water, sterilized by autoclaving at 121°C for 20 min) 
4. 0.1% biotin (100 mg biotin dissolved in 100 ml distilled water, 
sterilized by autoclaving at 121 °C for 20 min) 
5. Bromocresol purple, 10 mg/ml ethanol. 
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Table 3: Final concentration of constituents for Ames fluctuation test 
Incubation mixture 
Constituent 
Distilled H2O 
SOX VB salts 
20% glucose 
0.1%biotin 
0.1%histidine(TA98) 
0.1% histidine 
(TA97a,TA100, 
TA102JA104) 
Bacterial culture (fil) 
50 
45 
2 
2 
1 
0.075 
0.05 
30 
Volume(ml) 
10 
9 
0.4 
0.4 
0.2 
0.015 
0.01 
6 
5 
4.5 
0.2 
0.2 
0.1 
0.0075 
0.005 
^ J 
2.5 
2.25 
O.I 
0.1 
0.05 
0.00375 
0.0025 
1.5 
Final 
concentration 
-
2% 
0.8% 
20.0i^g/ml 
1.5iig/ml 
1.0|ig/ml 
-
Composition of the selective medium 
Ingredient 
Sterile 
distilled H2O 
Sterile 20% 
Glucose 
Bromocresol 
purple 
(lOmg/ml) 
1000 
959.5 
40.0 
0.5 
Volume (ml) 
500 
479.75 
20.0 
0.25 
200 
191.9 
8.0 
0.1 
100 
95.95 
4.0 
0.05 
Final cone. 
0.8% 
5.0 ^ig/ml 
Media for E coli K-12 strains and lysogen: 
Nutrient broth (13gm /I): Nutrient broth obtained from Hi-Media(India) had the 
following composition 
Peptone 5.0 gm/I 
NaCI 5.0gm/l 
Beef extract 1.5gm/l 
Yeast extract 1.5gm/l 
pH(approx.) 7.4±0.2 
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Composition of Nutrient Agar/Hard Agar used for making Nutrient Agar Plates 
Nutrient broth 13g/l Distill H2O 
Agar Agar Powder 15g/l Distill H2O 
Soft Agar: The composition of soft agar used for overlaying the cells used in the 
lysogen work: 
Nutrient broth 13g/l Distill H2O 
Agar Agar powder 7g/l Distill H2O 
MgS04.7H20 (O.OIM): It was used for making dilutions. The composition of 0.01 M 
MgS04.7H20 was as follows: 
Ingredient Per 500 ml 
MgS04.7H20 1.23g 
Buffers and solutions for in vitro studies 
O.OlM TNE buffer: The 2mg/ml solution of calf thymus DNA was prepared in 
O.OIM TNE ( O.OIM Tris-HCl, pH 7.5, O.OIM NaCl and 10"V EDTA) buffer. 
Si nuclease buffer (pH 4.5 ) 
Sodium acetate 
ZnS04 
0.5 M 
l.OmM 
Perchloric acid used was 14 % and bovine serum albumin ( lOmg/ml) was prepared in 
sterilized distilled water. 
Diphenyl amine reagent for the estimation of DNA 
Diphenylamine 250 mg 
Glacial acetic acid 25 ml 
H2S04(conc.) 380 III 
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Oxygen radical scavengers : 
Stock solutions of SOD (2mg/ml), Catalase (4mg/ml), mannitol (O.IM), KI 
(0. IM) and NaNs (0. IM) were prepared in sterile 0. IM phosphate buffer (pH 7.8). 
Requirements for Allium cepa toxicity test 
1) Locally available Allium cepa (pink variety) of size around 10 cm in 
circumference 
2) Test tubes 
3) Test tubes stand 
4) Heavy metals salts (CuS04, NiCb and CdCb) 
5) Phenol compounds (2-4 DNP, Resorcinol and Phenol) 
The methods for carrying out the experiment oiAllium cepa vv'as as described by 
Fiskesjo (1985, 1988), with slight modifications to suit the local conditions prevailing 
in our laboratory 
Requirements for seed germination test 
1) Locally available varieties of seeds of cabbage, moong, millets and cucumber 
2) Petri plates of size 100 x 15 nni 
3) Whatman No. 1 filter paper 
4) 0.02% sodium hypochlorite/ 0.01% mercuric chloride solution which is used 
for surface sterilization of seeds. 
5) Heavy metals (Cu as CuS04, Ni as NiCb and Cd as CdCh)* 
6) Pesticides (2-4D, BHC and Mancozeb) 
7) Phenol compounds (2-4 DNP, Resorcinol and Phenol) 
The methods for carrying out the experiment of seed germination test was 
carried out according to the methods given by Wang (1987) and Dutka (1996) with 
slight modifications to suit the local conditions prevailing in our laboratory. 
Sample collection and collection sites 
1) Industrial waste water: It was collected from the main drain of the industrial 
estate of Aligarh. It contained the effluents of the factories situated in the 
industrial estate. The waste water sample was collected in sterile glass bottles 
and immediately brought to the lab for further processing. It was first filtered 
through a 0.45|j,m millipore filter and then filtered through 0.22|a.m millipore 
filter before use. This water sample was used directly for genotoxicity testing. 
* Heavy metal salts used in the present studies hereafter will be indicated in their metallic form 
such as Cu, Ni and Cd only. 
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2) River water (Agra); The water from Yamuna at Agra downstream was 
collected 30 cm below the water surface in sterile glass bottles. The water was 
brought in the lab and filtered through 0.45|im millipore filter first and the 
concentration procedure with XAD resins and liquid-liquid extraction method 
was carried out. This concentrate was then used for genotoxicity testing. The 
direct water was also used for genotoxicity assays. 
3) Ground water: The ground water was taken from hand pumps installed within 
the industrial estate of Aligarh in the vicinity of the main drain carrying the 
effluents of the factories. This water was concentrated by XAD-resins. This 
concentrated water was then used for the genotoxicity testing. 
Preparation of concentrated water extracts: 
(i) XAD-extraction method: For the concentration of organic constituents a 
volume of 6.0 litre of ground water was collected. For the river water 8 
litre of the water was collected. Before concentration, the water samples 
weii^  filtered over two membrane filters with pore size 0.45|j.m (millipore. 
Waters). Adsorption of the organic constituents on the XAD-resin were 
carried out as described by Wilcox and Williamson (1988). XAD-8 resins 
were obtained from Serva GmbH Hiedelberg, Germany. For about a 300 
fold concentration, 6 litres of fihered ground water was passed through the 
washed column at a constant temperature of 20-25°C with a flow rate of 
50ml/min, Batch elution of the adsorbed material was carried out by 
DMSO, such that all adsorbed material was supposed to be eluted with the 
20ml DMSO. Next batch elution was also done with 20ml DMSO, which 
did not show good results with the E. coli phage induction test and E. coll 
K-12 strains. Hence the first batch of the eluate was used for the 
genotoxicity testing for ground water as well as for river water. 
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Table No 4: The characteristics of Salmonella typhimurium strains 
used in the study 
Strain designation 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
Relevant genetic markers 
iivrB, hisD66J0, bio, rfa, 
R-factor plasmid-pKMlOl, 
frame shift mutation at G-
C site 
UvrB, h/sD3052, bio, rfa, 
R-factor plasmid-pKMlOl, 
frame shift mutation at G-
C site 
iivrB, hisG46, bio, rfa, R-
factor plasmid-pKMlOl, 
base pair substitution 
mutation at G-C site 
rfa, R-factor plasmid-
pKMlOl, multicopy 
plasmid-pAQl containing 
hisG-128 auxotrophic 
marker and tet'^ , transition 
mutation at A-T site 
uvrB, hisG428, rfa, R-
factor plasmid-pKM 101 
Source 
Prof B.N. Ames 
Prof B.N. Ames 
Prof B.N. Ames 
Prof B.N. Ames 
Prof B.N. Ames 
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Table 5: The characteristics of £^ . coli K-12 strains and the X-lysogen 
used in the study 
Strain designation 
AB 1157 
AB1886 
Relevant genetic markers 
thr-1, araC14, leu B6, A(gpt-proA)62, 
lacYl, isx-33,qsr'-, gbiV44(AS), X\ 
Rac-0, hisG4(0c), rfbDl, mgl-51, 
rpoS396(Am), rpsL31(str R)kdgK5I, 
xylA5, mtI-1, argE3(0c),thi-I 
thr-1, ara C14, leu B6, A(gpt-proA)62, 
lacYl, tsx-33, qsr'\ glnV44(AS), 
galK2(0c), A,Rac-0, hisG4(0c), rfbDl 
mgl-51, rpoS396(Am), rpsL31(str R), 
kdgKSl, xylA5, nill-1, argE3(0c), thi-1, 
uvrA6 
Source 
Dr. Mary. K. Berlyn 
Yale University, 
U.S.A. 
-do— 
AB2463 thr-1, ara C14, leu 36, A(gpt-proA)62, 
lacYl, tsx-33, q.sr'', glnV44(AS), 
galK2(0c), X, Rac-0, hi.sG4(0c),rfhDl, -do-
recA13, rpsL3l(str R), kdgK5l,xylA5, 
mtl-1, argE3(0c),thi-1 
AB2480 A (gpt-proA)62, lacYl, tsx-33?, 
glnV44(AS)?, galK2(0c), ?:, recA 13, -do-
rpsL31str(R), or rpsL8, xylA5, mtl-1, 
thi-1, uvrA6 
AB2494 thr-1, araC14, leu 86, A(gpt-pro A)62, 
lacYl,tsx-33, ghiV44(AS), galK2(0c), 
?C,Rac-0?, his G4(0c), rfbDl?, mgl-511 
rpsL31(strR), kdgK51'?'', xylA5.mtl-1, 
metBl, thi-1, lexAl 
-da-
rn 164 lacZ53(Am), /C, thyA36, IN(rrtiD-rrnE) 1, 
rpsL151(strR), polAl(Am), rha-5, 
malB45, deoC2 
-da-
rn 165 lacZ53(Am), A',thyA36, IN(rrnD-rntE) 1, 
rpsL151(strR), rha-5, mal B45, 
deaC2 
—da— 
Xcl857 Acl857(ts),relAl, spaTl, thi-1 —do-
Chapter III: 
Toxicity / Genotoxicity 
testing 
by Allium cepa 
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INTRODUCTION 
In the search for relevant short term toxicity test systems plant materials have 
proven to be useful in basic research as well a part of a test battery in environmental 
monitoring. 
Ma (1999b) has reviewed the potential use of plant bioassays in environmental 
monitoring. According to Ma (1999b), these plant bioassays are highly sensitive and 
capable of detecting mutagens, clastogens and carcinogens in the environment. In this 
review article, it has been ftirther claimed that these bioassays were validated and their 
protocols standardized under the IPCS, the precursor of the IPPB, which currently is in 
operation under the auspices of UNEP. The mission of the IPPB and UNEP is to use 
these bioassays to monitor the mutagens and clastogens in the air, water and Soil samples 
to safeguard the quality of these essential elements in life and to use these simple clear 
indicators of pollution damage as the tool for environmental education for the general 
public (Ma, 1999a; Ma, 1999b). Among the seven plant bioassays reviewed by the USEPA, 
Gene Tox Programme in 1980, the Allium cepa test, the Tradescantia stamen hair assay 
and the micronucleus assay were adopted by the IPPB for monitoring or testing 
environmental pollutants (Ma, 1999b). 
Gopalan (1999) in his review article has gone a step fijrther and described the plant 
bioassays to be "the most sensitive" in detecting genotoxicity of environmental hazards 
on water, air and soil. The general aim of the programme of plant bioassays was not only 
to identify the substances and situations that may entail a significant risk to humans, but 
also by using these simple, quick and inexpensive plant bioassays to demonstrate the 
effects of pollution and to carry on environmental education to the public at an early age 
(Gopalan, 1999). 
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In a workshop on "Higher plant systems as monitors of environmental mutagens" 
it was stated: "plant systems seem specially well-suited for research in at least the areas 
of basic mechanisms, screening and environmental monitoring" (De Serres, 1978). The 
reasons for using the plant systems are many e.g., plants are easy to store and to handle, 
there are often good chromosome conditions, low cost, and most important good 
correlation to other test systems (Fiskesjo, 1985,1993;Ma, etal., 1995; Rank and Nielsen, 
1997). Among the Al/iitm species, ^////w? cepa (the common onion) has proved to be the 
most helpfijl, and has repeatedly been suggested to a standard test-material (Stich et al, 
1975; Fiskesjo, 1985, 1988, 1995). 
The use of Allium cepa as a test system was introduced by Levan (1938) when the 
effects of colchicine were investigated. Since then Allium test has been frequently used as 
was reviewed by Grant (1994), Gopalan (1999) and Ma, (1999b) . 
The Allium test provides a rapid screening procedure for chemical, pollutants posing 
environmental hazards. Root growth inhibition and adverse effects on chromosomes 
provide an indication of likely toxicity and genotoxicity. 
The root tip is often the first part of any plant that is likely to come into contact 
with chemicals and pollutants found in the soil and water samples. Observation of the 
root tip system of the onion, has shown that this plant is particularly sensitive to the 
harmful effects of environmental contaminants. Gross effects can be quantified by 
measuring the inhibition of growth of the newly developing root systems, whereas 
examination of the individual cells of the root tip can indicate likely mutagenic effects. 
The Allium test has a lot of advantages and it is strongly recommended to be included 
in the battery of tests to carry out the toxicity/genotoxicity evaluation of environmental 
contaminants in air, water, waste water sludge and soil (Constantin and Owens, 1982; 
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Fiskesjo, 1985, 1988; Rank and Nielsen, 1998; Cabrera and Rodriguez, 1999; Gopalan, 
1999; Ma, 1999a, 1999b). Some of the merits of this test are as follows, (i) The Allium 
test is a relatively easy and rapid, (ii) It is also very sensitive and highly reproducible, (iii) 
It provides comparable results to a number of other test systems. A good correlation has 
been found for the toxic eflFects of certain organic compounds among the four bioassays 
employing lysogenic bacteria, hamster cell line, human lymphocytes and the A Hi urn cepa 
(Fiskesjo, 1982). 
Considering the importance of this test, we included this test for toxicity/genotoxicity 
evaluation. The work embodied in this section is thus an attempt to standardize and 
develop the Allium cepa test in Indian conditions. The properties of this test, viz, the cost 
effectiveness, simplicity, reliability, sensitivity and reproducibility need to be properly 
exploited to make this test an important tool for the society to test hazardous effects of 
chemicals present in the environment. 
MATERIAL AND METHODS 
The methods described by Fiskesjo (1985, 1988, 1993) with some modifications to 
suit our conditions were followed for the Allium cepa toxicity as well as genotoxicity 
test. To perform the test, small onion bulbs were carefially unsealed and cultivated on top 
of test tubes filled with the test samples. The Allium test was performed at normal room 
temperature (20-25"C) and protected from direct sunlight. The normal tap water with 
permissible levels of organic and inorganic substances was used as negative control. For 
the metal salts and phenolic compounds tested here we have used five concentrations in 
the range of lO'^ M-lO-^ M. In case of industrial waste water and 20x XAD concentrated 
river water samples, we used 4 dilutions and the original samples as such. The onions 
were exposed directly to the test samples replacing a fresh liquid every day. 5 bulbs of the 
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local red variety of onion were used for each concentration of sample and the experiment 
was done thrice. 
Macroscopic and Microscopic Parameters 
Among the macroscopic parameters, the root length inhibition is the most important 
index. Root length was estimated in whole root bundles and mean values of measurements, 
expressed as percent of the control values, are considered as the relative growth values 
(Fiskesjo, 1988). These values are plotted against the concentrations of the test chemical/ 
sample to get the EC.,| values. EC-,, is defined as that effective concentration permitting 
50% growth in relation to control growth The EC.,, value is inversely related with the 
toxicity of a contaminant/pollutant. 
The microscopic parameters used in this study were (i) Mitotic index (Ml)- the 
number of dividing cells per 1000 observed cell, and (ii) characterization of mitosis. 
Mitotic damage was also measured by the observation of stickiness, c-mitosis, vagrant 
chromosomes and clastogenic effects (recorded as chromosome fragments or bridges). 
For slide pieparation the method of Fiskesjo (1985) was followed. 
RESULTS 
1. Allium cepa test with heavy metals: The bulbs o^Allium cepa were exposed to 
solutions which contained heavy metals such as Cu, Ni and Cd. EC^^  values were 
determined for each metal. Cu was found to be the most toxic metal in our test system. 
Least toxicity on the other hand was observed for cadmium. The toxicity of Ni was very 
close to that of cadmium under our experimental conditions. 1\\Q Allium cepa has been 
shown to be a good indicator of metal toxicity by earlier workers (Fiskesjo, 1988) and 
the experiment undertaken in our studies also establishes the same. Fig.5(A-C) shows the 
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growth curve of each metal and their EC,,,. The ECj,, values of Cu, Ni and Cd were 
observed to be 7xlO"^ M, 4x10'M and 6x10-M respectively. 
2. Allium cepa test with phenolics: An attempt was also made to standardize this 
test under our experimental conditions for the toxicity testing of three phenolic compounds, 
viz. DNP, resorcinol and phenol. Determination of EC,,, values led to the conclusion that 
DNP was the most toxic and phenol being the least toxic amongst the three phenolic 
compounds. Fig. 6 (A-C) shows the dose response curve of these compounds. The EC.,^  
value obtained for DNP was 3.2x10'M, for resorcinol it was 8xlO"-^ M and for phenol 
9xlO-^M. 
3. Allium cepa test with industrial waste water (IWW): The toxicity testing of 
industrial waste water by {\\Q Alliuw cepa test was carried out at different seasons, viz. 
monsoon, summer and winter. Dilutions ranging from 10' to lO"" times were made of the 
IWW and onion bulbs were exposed to these samples. Fig. 7 (A-C) shows the growth 
response curves of this test. The water sample collected during the summer was found to 
be the most toxic while least toxicity was observed with the water sample collected 
during the monsoon season. EC. values obtained for the summer, winter and monsoon 
were 3x10-, 4x10- and 3.5x10' dilution of IWW respectively. 
The genotoxic effects of the industrial waste water was studied in the root tip cells 
ofAI/him cepa. Although normal mitosis was observed in the tap water (control), the 
bulbs exposed to the industrial waste water, showed a progressive drop in the mitotic 
index with the increase in the concentration of waste water. Besides, a number of mitotic 
aberrations, such as stickiness of chromosomes, fragmentation of chromosomes, bridge 
formation and micronuclei were observed in the treated root tip cells. The MI decreased 
from 24% (10- dil. IWW) to 12% (IWW), as compared to 48% in the control. Similariy 
51 
the chromosomal aberrations increased from 7.5% (10- dil. IWW) to 22.6% (IWW) in 
the treated root tip cells. (Table 6). 
4. Allium cepa test with 20x XAD concentrated river water : The toxicity was not 
detected with the direct river water by the Allium cepa test. The river water sample was, 
therefore, concentrated 20 fold using the XAD resins for toxicity testing studies. Even 
after concentration, no detectable toxicity was observed in the water sample collected 
during the monsoon season However, significant levels of toxicity was observed with 
the water samples obtained in summer and winter with the EC^ j.^  values to be 3x10- and 
9x10' dilution of XAD concentrated samples respectively (Fig. 8 A-B). 
Table 7 describes the MI and the chromosomal abberations induced by the 20x 
XAD concentrated river water. A strong mitodepressive effect was observed on the root 
tip cells as the concentration of this sample increased, 35% (10- dil. XAD concentrated 
river water) to 20% (concentrated river water). The aberrations not observed in this test 
were the micronuclei formation.The aberration increased from 2.9% (10'- dil.20x sample) 
to 12% (undiluted 20x sample). 
DISCUSSION 
A survey of the research work undertaken in the field of toxicity assessment shows 
that plant materials have gained more popularity as part of test batteries for monitoring 
effects of various chemicals in the environment and also as bioindicators of aquatic 
environment (Constantin and Owens, 1982; Fiskesjo 1993; Gopalan, 1999; Ma, 1999a, 
1999b;Tl eLima and Jordaq, 2001). Higher plants being the eukaryotic organisms, contrary 
to the widely used bacteria, are more comparable to most species of the higher flora and 
fauna. 
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Having established the efficacy of plant bioassays for toxicity testing the efforts 
were then directed to use the higher plants for genotoxicity assays. The first attempt to 
do so was undertaken by USEPA's Gene-Tox Programme and reported in 1982 (Constatin 
and Owens, 1982; Rank and Nielsen, 1997). Among the seven plant bioassays reviewed 
by the USEPA Gene-Tox Programme, the Allium cepa test was also one of the tests (Ma, 
1999b). 
The results of the Allium cepa test is expressed in both macroscopic as well as 
microscopic effects to the Allium caused by the toxicant. There seems to be a good 
correlation between these two parameters. The macroscopic effect (inhibition of root 
growth) appears to be the most sensitive parameter. This is to be expected, since any 
deleterious effect, direct or indirect, is likely to result in inhibition of growth. Microscopic 
examination allows assessment of chromosome damage and cell division disturbances 
thus, providing additional information on the severity or mechanism of the toxic effect. 
Considering, the above merits, we have exploited the Allium cepa test to carry out 
the toxicity assay of heavy metals and phenolics as well as industrial waste water and 
river water systems. The industrial waste water and river water samples were taken at 
different seasons, viz. summer, monsoon and winter. Among the heavy metals, Cu was 
found to be the most toxic metal. Following Cu was Ni in its toxic effects and Cd was 
observed to exert the least toxicity under our experimental conditions (Fig. 5 A,B,C) 
Fiskesjo (1988) in her detailed study on heavy metal toxicity with Allium cepa has also 
established the toxicity of the heavy metals in the same order (i.e. Cu>Ni>Cd). 
A very little information seems to be available about the toxicity of phenolic 
e 
compounds by the Allium cepa test. Repetto et al. (2001) have recently reported the 
genotoxic potential of PCP by this test. We have evaluated the comparative toxicity of 
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some phenolic compounds, viz. DNP, resorcinol and phenol (Fig. 6 A-C). The phenolic 
compounds are one of the major contaminants of Indian water systems (Datta, 1999). 
DNP was found to be the most toxic, followed by resorcinol and phenol under our 
experimental conditions. 
The industrial waste water has demonstrated the highest level of toxicity with the 
water sample collected during all the three seasons, whereas the XAD concentrated river 
water samples exhibited toxicity with the water samples collected during the summer and 
winter seasons. It is reported that the hazardous effects of the toxicants may increase 
greatly with an increase in the temperature (Hammer and Hammer, 2000). Our studies 
further support this finding , as we have obtained the lowest EC ,^j values with the water 
samples collected during summer with both the industrial waste water and the river water 
The ground water has not shown any toxic effect with this test in any season, directly or 
upon XAD concentration. 
It is clearly evident from the data that the waste water treatement and the river 
water exhibited a significant mitodepressive effect on Allium cepa root meristems as is 
shown by the drop in mitotic activity (Fig. 9A-H, Table 6). Such a drop in MI indicates 
that there are some pollutants that interfere in the normal cycle of mitosis, thus preventing 
a number of cells to not follow the normal cycle of cell division. An increase in the 
depression of MI with an increased concentration of various toxicants has been 
demonstrated (Amer and Farah 1979; Kaur and Grover, 1985; Chauhan et al.,1986; 
Fiskesjo, 1988; Vivekandan et al.,1996) 
In thegenotoxic assay of industrial waste water, we have obtained the chromosomal 
abnormalities which include stickiness, bridges, laggards and micronuclei which have 
already been reported by Nielsen and Rank (1994), who have carried out the genotoxic 
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impact of effluents from chemical plants, metallic industries, petrochemical industries, 
pulp and paper mills and dye industries. Somashekhar and Govindappa (1983) have also 
reported the waste water from electroplating industries to induce chromosomal aberration 
in plants. Our findings are consistent with the previous studies. 
Stickiness was the most common abnormality observed during the present 
investigations (Fig. 9). Stickiness of chromosomes at metaphase could be due to the 
effect of waste water in breaking the protein moiety of nucleo-protein back bone. The 
stickiness affects the normal disjunction of chromosomes during anaphase leading to the 
bridge formation. 
The presence of bridges at anaphase may be due to unequal exchange or dicentric 
chromosomes. The occurence of breaks at the same locus and their fijsion leads to the 
formation of dicentric chromosomes. The dicentric chromosome is pulled equally to both 
the poles at the anaphase and a bridge is formed (Sax, 1940). 
Chromosome fragmentation was another common abnormality observed during 
the present study. The occurrence of fragments at metaphase and anaphase may be 
attributed to the failure of broken chromosomes to recombine. The occurrence of lagging 
chromosomes may be explained on the basis of abnormal spindle formation and failure of 
chromosomal breakage by binding to DNA regions rich in GC pairs causing this to become 
unstable (Lawley and Brookes, 1963). 
Most of the fragments and the lagging chromosomes (laggards) lead to the formation 
of micronuclei in the interphase cells. These micronuclei are eliminated in the due course 
or persist in subsequent generation of cells. In some instances, the micronuclei are large 
enough to have genetic information sufficient to survive and divide. However, the division 
of micronuclei is independent of the division of the main nucleus.The induction of 
micronuclei upon waste water treatfn«nt. in the root meni't^ms o^Allium cepa has been 
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reported by many workers (Grover and Kaur, 1999;I)eLima and Jordaq, 2001). 
With regards to the chromosomal abnormalities observed with the heavy metals, 
Fiskesjo (1988) demonstrated the induction of abnormalities such as stickiness of 
chromosomes, bridge formation, fragmentation of the chromosomes. We have obtained 
these abnormalities with the industrial waste water which suggest that this water sample 
could be heavily loaded with heavy metals due to the lock manufacturing and electroplating 
industries. Previous studies in our lab have established that industrial waste water of 
Aligarh city was contaminated with heavy metals such as Fe, Ni, Cu, Cr, Cd and Zn 
(Malik and Ahmad, 1995). 
Chauhan et al. (1986) and Vivekanandan et al. (1996) in their studies on deltamethrin 
(an insecticide) and malathion (organophosphor us pesticide) have reported the 
chromosomal abnormalities such as stickiness, fragments, bridges, micronuclei and 
multipolar anaphase. The genotoxicity of riverine water samples has largely been attributed 
to pesticides as the studies of Rehana et al. (1995, 1996) on Ganga river water aptly 
suggest. It could thus be believed that the Yamuna river water sample would also be 
contaminated with significant levels of pesticides in view of the typical chromosomal 
abnormalities found in these studies. 
't is, therefore, very important to establish the efficiency of this bioassay in 
establishing good correlation with other bioassays. The extrapolation of the results obtained 
with plant cells to human cells or generally from one species to another is probably the 
most important problem discussed in the context of biological testing. Gentile et al. (1977) 
and Menn (1978) pointed out that biotransformations are generally qualitatively similar 
in plant and other animal systems, although other workers such as Nilan and Vig (1976) 
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Fig. 6 ECjQ curves of DNP, Resorcinol and Phenol with the Allium cepa test. 
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Fig, 7 EC,„ curves of industrial waste water (I WW) with the Allium cepa test. 
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Fig. 8 EC^ Q curves of XAD concentrated river water (RW) with the Allium 
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Fig. 9 Cliromosomal aberrations of the Allium cepa test with the waste water 
treatment 
A - A cell at metaphase showing stickiness of chromosomes 
B - A nornial anaphase (Control) 
C - A cell showing fraginentation of the chromosomes in the centre 
leading to the fonnation of probable anaphase bridge. 
D - A cell at anaphase showing multiple fragmentation 
E - A cell at anaphase showing laging chromosomes 
F - A cell showing bridge fonnation at anaphase 
G - A cell at anaphase showing stickiness and lagging chromosomes 
(laggards) 
H - A cell showing tripolar anaphase and chromosome fragmenta-
tion. The third centre could lead to the fonnation of micronuclei. 
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Chapter IV : 
Toxicity testing of various 
water bodies employing 
the seed germination test 
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INTRODUCTION 
Plant organisms can be usefully employed to monitor the state of the 
environment. For example mercury contamination near emission sources were 
evaluated using plant species (Tamura et al., 1985). Plants have been used for 
toxicity testing although not as extensively as animals (Biney, 1991). The 
inhibition of seed germination and root elongation has been used in determining 
selective toxicities of herbicides, screening plants for heavy metals, salinity and 
mineral stress, and evaluating toxic chemicals and allelopathic substances (Ratsch 
and Johndro, 1986). Based on a review of chemical registration, requirements 
under the Toxic Substances Control Act, it is understood that plants tests play a 
relatively small role in comparison to the emphasis on animal tests for regulation 
of potentially toxic substances (Benanati, 1990; Wang 1994). 
Plant seed toxicity tests have, therefore, become an important part of 
ecotoxicology to evaluate the toxicity of complex effluents and industrial chemicals 
and in environmental monitoring procedures (Adema and Hanzen, 1989; Wang and 
Williams, 1990, Walsh et al., 1991; Robidoux et al., 1998a, 1998b), 
The plant root elongation and the seed germination methods are 
recommended as a part of level I terrestrial environmental assessments using 
biological tests (Brusick and Young, 1981). The plant species suggested by the 
USEPA and the OECD included cucumber, radish, lettuce, red clover and wheat 
(Ratsch, 1983; Fletcher et al., 1985). These plants are important crops, are 
members of large families and are widely distributed. 
Wong and Bradshaw (1982) used root elongation of rye grass as an 
indicator of heavy metal toxicity They reported that the method was sensitive for 
metal toxicity such as aluminium, cadmium, copper, chromium, iron, mercury 
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manganese, lead and zinc. Other plant species like oats, corn, cabbage, carrots, 
soyabeans and tomatoes have been mentioned by the USEPA (1982) and the 
USFDA (1984). The EPA has also recommended perennial rye grass and common 
onions, while the FDA recommended wheat and beans. Other species such as 
rice, sorghum, mustard, rape, turnip, fetch, fenugreek and cress are mentioned in 
the OECD guidelines for terresterial plant growth tests (OECD, 1984). The seeds 
of Phaseolus aureus has been found to be a good indicator of pesticide toxicity 
(Shashi Kant, 1989). 
Seeds and seedlings occupy a small space and do not create logistic 
problems of full scale field studies and also the experiments strongly suggested 
this to be a successfLil bioassay system. The work embodied in this section, is 
therefore, an attempt made to underline the importance of this test so that it can 
be developed and used routinely for the toxicity assessment of various water 
bodies and other toxicants. 
MATERIALS AND METHODS 
The method for the seed germination test was followed as given by 
Wang(1987) and Dutka (1996) with slight modifications to suit the local 
conditions.The seeds selected were amongst those recommended by agencies such 
as USEPA and OECD. We have selected the cabbage (Brassica), millet 
{Pauicum), cucumber {Cucumis) and moong {Phaseolus) for our experimental 
studies. The seeds were first washed with 0.02% sodium hypochlorite soultion and 
then repeatedly washed with distilled water. They were then briefly put on the 
filter paper to dry.Petri dishes of the 100x15mm size were used for this 
experiment.Whatman filter paper No. 1 being the most suitable among other 
brands was used as the absorbent medium for the seeds to grow. A double layer 
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of the Whatman filter paper was placed on the petri dish and 6 ml of the 
toxicant/water samples was added. 20 seeds were then put in the petri dish, 
suitably separated and then the plates were kept in the dark for 5 days, 
maintaining the temperature at 25±5"C. The tap water of our laboratory served as 
the control. 
The average root, shoot length, fresh and dry weights were taken and the 
data is then plotted to obtain the EC ,^., value. We have found the parameter of 
root length to be much better than the weights of the seeds and hence the data 
of root length versus the concentration is shown. EC ,^ is also calculated from the 
plot. 
RESULTS 
1. Seed germination test with heavy metals: Dose response relationship of 
various seeds with the test heavy metals have been shown in Fig 10 (A-
C).Cabbage seeds (Brassica oJeracea) was found to be the most sensitive to 
detect heavy metal toxicity. The sensitivity patterns of the seeds were recorded 
to be similar for all the test heavy metals. The response of different seeds 
towards diflferent heavy metals along with their EC „^ values could be recorded 
as under ; 
Copper: Cabbage(1.2xlO-'M)>Millet (4.5xlO-5M)>Cucumber(6.5xlO-5M)> Moong (SxlQ-'M). 
Nickel: Cabbage (2.0xlO-5M)>Millet (6.5xlO-'^ M)>Cucumber (SxlQ-^ M) > Moong (IxlO^M). 
Cadmium: Cabbage(2.0xlO-'M)>Millet(4xlO-'^ M)>Cucumber (SxlQ-^ M) > Moong(lxlO''M) 
Copper was found to be the most toxic among the test heavy metals. 
Cadmium and Nickel showed similar toxicities. Fig. 10 shows dose response curves 
of various heavy metals. 
2. Seed germination test with pesticides: Among the pesticides, 2-4D was 
found to be the most toxic and Mancozeb was observed to exert the least 
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toxicity while moderate toxicity was recorded with BHC. As regards the seeds 
cucumber was found to be the most sensitive to detect the toxic effects of 2-4D 
followed by millet, moong and the cabbage seeds. On the other hand Phaseolus 
aureus (moong) was found to be the most sensitive seeds towards BHC whereas 
millets seeds showed a high sensitivity to Mancozeb. A plot of concentration of 
the pesticides versus the percent inhibition is shown in Fig. ll(A-C). The 
differential responses of seeds along with the EC ,^, values for the three pesticides 
are as follows : 
2-4D- Cucumber(0.028ppm)>Millet(0.032ppm)>Moong(1.0ppm)>Cabbage(10ppm) 
BHC- Moong(0.5ppm) > Millct(9ppm) > Cucumber (10.Sppm) > Cabbage( 13ppm) 
Mancozeb- Millet( 1.8ppm) > Moong (6ppm) > Cabbage(20ppm) >Cucuniber(40ppm). 
3. Seed germination test with phenolics: Fig. 12 (A-C) shows the EC „^ values 
determined for various seeds with different phenolic compounds. Millet seeds were 
observed to be the most susceptible towards the inhibitory effect of phenolics Fig 
(12). Among the test phenolic compounds , DNP was found to be the most 
toxic. Following the DNP was resorcinol in tems of toxicity. The responsiveness 
of different seeds along with their EC.,, values obtained are as follows: 
DNP- Millet (2\10"^M)>Cucumber(6xlO-'M)>Moong(8xlO-5M)> Cabbage (9.5\KKM). 
Resorcinol- Millet (3.8x10-'M)>Cucumber(4.5x10-'M)>Moong(8x 10-'M)>Cabbage( 1 x 10 'M) 
Phenol- Millet (5xI0-5M)>Cucumber (8xlO-'M)>Moong(lxlO-'M)>Cabbage(lxlO-'M). 
4. Seed germination test with industrial waste water : The industrial waste 
water had a strong inhibitory effect on the germination of all varieties of seeds 
(Fig. 13). Moreover, the millet and cucumber seeds also exhibited significant 
responses. The sensitivity patterns of the seeds with the water sample collected 
during the summer season could be put as under : 
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Cabbage (2x10"dil.)>Millet(lxlO Mil.)>Cucumber(2xlO Mil,)> Moong(4xl0 'dil.). 
The sensitivity pattern of the seeds remained the same with the water 
samples collected during winter, although the EC^^  values have changed a bit. The 
ECjg values obtained with this water sample could be recorded as : 
Cabbage (7x10^ dil.)>Millet(8xlO^ dil.)>Cucumber(3xlO 'dil.)>Moong(7xlO' dil.). 
The sample collected during the monsoon season were not toxic enough to 
show inhibitory response with all types of seeds. The cabbage and cucumber 
seeds alone were susceptible towards these water samples. The EC ,^, obtained 
with the cabbage seed was 4x10' dil. and for the cucumber seed was observed 
to be 9x10-' dil. 
Fig 13 (A & B) shows the sensitivity pattern of different seeds with 
industrial waste water. 
5. Seed germination test with river water: A high sensitivity could be 
established with the moong {Phaseolus) seeds and least sensitivity was observed 
with the cabbage seeds. With the water sample collected during summer, the 
sensitivity of different seeds could be recorded as : 
Moong(1.5xl0^dil.)>Cucutnber(2xl0 2dil.)>Millet(2.5xl0^dil)> Cabbage(3xl0'dil.). 
But with the water sample collected during the winter, there is a slight 
change in the sensitivity pattern of the seeds, the moong seeds however remained 
to be the most sensitive. The sensitivity pattern thus observed is as follows : 
Moong(4xl0 ^ dil)>Cucumber(2xlO »dil)>Millet(3xlO'dil)>Cabbage(7xlO'dil) 
The sensitivity of different seeds towards the river water is depicted in Fig. 
14 (A&B) 
69 
DISCUSSION 
The work on the use of young plants to detect metal pollution has been 
impressively reviewed by Davis and Beckett (1978). Later on Burton (1986) 
strongly recommended the angiosperms for monitoring of metal pollution. Plant 
test guide lines have also been adopted by various regulatory agencies to assess 
the environmental impact of pesticides, industrial chemicals, food additives, 
cosmetics and other substances (Hoist and Elwanger, 1982; OECD, 1984; 
USFDA, 1984; Biney, 1991). 
Local variety of Brassica oleracea (cabbage) was found to be the most 
sensitive to detect the heavy metal toxicity under our experimental conditions (Fig 
10). Although the sensitivity of lettuce to detect the heavy metal pollution has 
been very clearly demonstrated by Wang (1987), the locally available lettuce 
seeds did not respond significantly to our system. The maximum inhibitory effect 
was observed on the seeds of cabbage with the industrial waste water samples, 
thereby suggesting that the industrial waste water could be heavily contaminated 
with heavy metals. 
Toxic effects of 2-4D on higher plants are well known (Fletcher et al., 
1985). The inhibitory response of this pesticides on the seed germination in our 
system in a way supports the earlier findings. Among the various seeds taken for 
our study Phaseohis aureus (moong) seeds seem to be a potential candidate to 
detect the pesticides toxicity (Shashi Kant, 1989). Our work fijrther consolidated 
this theory since the Phaseohis seeds showed the maximum sensitivity with BHC 
and also a high sensitivity with Mancozeb and 2-4D as well. It was interesting 
to note that the Phaseohis seeds were found to be the most sensitive seed with 
the river water of Yamuna at Agra. This could probably give us an insight that 
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this river water could also be highly contaminated with pesticides. Detection of 
pesticides in the Ganges river and genotoxicity of water samples have been the 
subject of our earlier studies (Rehana et al., 1995, 1996). This study further 
supports our contention that the toxicity of riverine system in India could be 
largely due to pesticide pollution. 
Cucumber seeds have been shown to be as sensitive as the millet seeds in 
detecting the toxicity of pesticides and phenolics (Fig. 11&12). Wang et al 
(2001) have recommended the use of cucumber seeds to study the toxicity of 
organic compounds, specially the nitrogen containing aromatic compounds We 
have also obtained a significantly high sensitivity with these seeds towards the 
inhibitory effect of pesticides and phenolics (organic compounds). The seeds of 
Brassica spp. and Phaseolus spp. have also been shown as a good system to 
study the toxicity of organic compounds (Wang et al., 2001). 
The sensitivity of millet seeds towards the phenol toxicity has been very 
well documented (Wang, 1987). Our studies further support those findings, thereby 
making millet seeds an important tool to study the toxicity of phenolic (organic) 
compounds. Millet has also been shown to be equally sensitive to detect metal 
toxicity. Therefore, we can say that since millet shows a regular and predictable 
toxic response, to both organic and inorganic toxicants, it must be included in the 
bioassay involving seed germination / root elongation method. 
The seed germination test is considered to be a strong candidate for the 
battery of toxicity / ecotoxicological monitoring due to its manifold implications. 
This test has been very efficiently used to assess the ecotoxicological impacts of 
soils (Chang et al., 1997 ; Gong et al., 2001) , it was also used as an indicator 
m assaying the decontamination in composting oily wastes (Juvonen et al., 2000). 
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The potential of this test in assaying the toxicity of sludge and the impact of 
toxicants in the septic tank sludge, recieved at a waste water treatment plant has 
also been studied very efficiently ( Robidoux et al., 1998a, 1998b). 
Owing to its sensitivity,simplicity and applicability under different conditions, 
we strongly support the inclusion of this test to be included in the battery of 
bioassays for toxicological / ecotoxicological monitoring of environmental samples 
Fig. 10 ECj.j, curves of Cu, Ni, Cd with the seed germination test. 
A - Cu 
B - Ni 
C - Cd 
A - Cabbage 
O - Cucumber 
A - Moong 
• - Millet 
10"^M 
L o g cone of Cu 
5X10"^M l O ' ^ M 
10"°M 5X10"^M l O ' ^ M 
L o g cone of Ni 
5X10"^M l O ' ^ M 
5 X ) 0 " 5 M 1 0 " ^ M 
L o g .cone of Cd 
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sample without the metaboHc activation. The pattern of sensitivity of different 
strains with this sample has been depicted in Fig. 16 B. From this figure we can 
see that the strains TA98, TAIOO and TA102 displayed the peaks at the 
concentration of 50fil which is equivalent to 15ml of non-concentrated sample. 
The maximum number of revertants among these strains was obtained with TA98 
(1.4x10"* revertants/litre). TA97a and TAIOO have also shown a good response It 
is to be mentioned here that the revertants have decreased in the presence of 
metabolic activation except for the strain TA98. The sensitivity pattern could be 
described as : 
TA98 > TA97a > TAIOO > TA102 > TA104 
3 (A). Ames testing of XAD concentrated Yamuna water at Agra without S^  
: Fig. 17 A depicts the reversion pattern of the Ames tester strains with 300x 
XAD concentrated river water Generally the strains showed an increasing trend in 
the number of reverants upto the concentration of 100|al/plate which is equivalent 
to 30ml of the non-concentrated sample. In the case of TA102, it showed an 
increasing trend upto the concentration of lOOfil/plate which is equivalent to 30ml 
of non-concentrated water sample (1.4x10"* revertants/1), which also is the 
maximum number of revertants detected with any strain, after which the colony 
number declined. The sensitivity of the strains can thus be put as : 
TA102 > TA98 > TAIOO > TA97a > TA104 
3 (B). Ames testing of XAD-concentrated Yamuna water at Agra with S^  : 
The sensitivity pattern of the Ames tester strains of the XAD concentrated river 
water from Agra in the presnece of S^  fraction has been depicted in Fig. 17 B. 
TA102 and TA98 strains have responded strongly to this water sample.The 
sensitivity of other strains was also quite significant. The reversion patterns of the 
strains can be put as under : 
TA102 > TA98 > TA97a > TAIOO > TA104 
Fig. 11 EC curves of 2-4D, BHC and Mancozeb with tiie seed germination test 
A - 2-4D 
B - BHC 
C - Mancozeb 
A - Cabbage 
o - Cucumber 
A - Moong 
• - Millet 
100 -
I I I r I I I I I I I I I I I I I I I 
100 
L o g conc.o? 2 -4 0 ( p p m ) 
100 
J I I I _ 1 I I I I I I I I 
0 0-01 100 
Log conc-of BHC ( p p m ) 
1.0 10 
L o g cone o f M a n c o z e b ( p p m ) 
100 
Fig. 12 EC^ Q curves of DNP, Resorcinol and Phenol with the seed germination test 
A - DNP 
B - Resorcinol 
C - Phenol 
A - Cabbage 
O - Cucumber 
i - Moong 
• - Millet 
100 
60 
20 
-
-
-
\\ t ^ 1 1 
^ 
1. 
^ ' 
I 
A 
IQ-^M 5X10~^M 1 0 " 5 M SXIO'^M 10"^h 
L o g c o n c o t DNP 
lO '^M 5 X 1 0 " 6 M I Q - S M 5 X 1 0 " 5 M IQ-^M 
Log cone , of R e s o r c i n o l 
IQ-^M 5X10"^M 1 0 " 5 M 
Log cone .o f Phenol 
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Fig. 13 ECjQ curves of the industrial waste water (IWW) with the seed germination 
test 
A - Summer 
B - Winter 
A - Cabbage 
o - Cucumber 
4 - Moong 
• - Millet 
WW 
L o g c o n c o f 1 WW 
10-2 
L o g c o n c . o f I W W 
10- ' IWW 
Fig. 14 Eq^ curves of the river water (RW) vvitli the seed ger 
mmation test 
A - Summer 
B - Wmter 
A - Cabbage 
O - Cucumber 
A - Moong 
• - Millet 
0 - 1 0 - ' ' 
Log cone.o f R W 
100 k 
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INTRODUCTION ^t^uc r ^ 
Increasing pollution of Indian rivers and water bodies by xenobiotic 
compounds have been reported by several workers (Agarwal et al., 1986; 
Ramesh et al., 1989 ; ISGE, 1990; Agnihotri et al., 1994; Nomani et al.,1996; 
Datta, 1999; SOER 2001).Considerable efforts have, therefore, been directed 
towards the qualitative and quantitative investigation of organic and inorganic 
compounds in water. A large portion of human cancers may be caused by 
exposure of these toxic substances present in the environment. Chemicals that 
pose a mutagenic risk for humans would not be identified by screening of pure 
compounds, because environmental mixtures may contain mutagenic and 
carcinogenic substances that would not seem to warrant mutagenicity testing in 
their own right. Moreover, chemicals in complex mixture need not act additively 
in their mutagenicity, rather there may be synergisms between mutagens and non-
mutagens (Shahin and Fournier, 1978; Stoltz et al., 1979; Sugimura and Nagao, 
1980; Dutka, 1996). It became clear during the last decade that the chemicals 
present in the mixture may be (a) antagonisic, (b) synergistic, (c) neutral,0Y(d) 
additive. 
The possibility of interactions among chemicals suggests that complex 
environmental samples should be tested. The Salmonella I microsome mutagenicity 
test (Ames et al., 1973; McCann et al., 1975; Maron and Ames, 1983) has been 
sufficiently developed and validated to be seriously considered for widespread use 
in this way. This assay is based on the ability of chemicals to induce reverse 
mutations in a set of histidine requiring strains of Salmonella typhimurmm which 
have been genetically modified to increase their sensitivity to mutagenic agents. 
The test is carried out in the presence and absence of an in vitro metabolic 
activation. 
78 
The validity of Ames testing has been demonstrated under various 
conditions.The Ames testing has been used to evaluate the genotoxic potentials of 
industrial waste water (Malik and Ahmad, 1995). Moreover, studies have also 
been undertaken in our lab to establish the genotoxicity of the riverine water 
samples by these tester strains (Rehana et al., 1995, 1996). Knasmuller et 
al.(1998) described the applications of the Ames testing to test the genotoxicity 
of XAD concentrated ground water.The genotoxic potential of drinking water 
after chlorination has also been studied by the Ames testing (Park et al., 2000) 
The work thus presented in this chapter was initiated to determine whether 
potentially carcinogenic substances were present in the test water samples, to 
predict about the nature of those substances and whether their presence was 
related to the degree of contamination of the water source with sewage or 
industrial effluent 
MATERIALS AND METHODS 
The strains, test samples and media used are listed in Chapter II. All the 
media were freshly prepared The plate incorporation assay was routinely 
performed for testing the mutagenicity of the samples according to the method 
described by Maron and Ames (1983). Except where otherwise stated, the cells 
were treated for 20 minutes following the preincubation procedure in case of 
plate incorporation assay. 
Plate incorporation assay : To 0.5ml phosphate buffer, pH 7.5 (or 30(_il 
S9 mix) in sterile capped tube placed on ice bath, appropriate concentrations of 
the test sample and 0 I ml fresh 0/N culture of the tester strains were added 
and incubated for 20-30 min at 37"C. Then 3.0 ml molten top agar (held at 
45"C) supplemened with 0,5 mM histidine / biotin solution was added to each of 
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the tubes containing treated culture. The contents were mixed and immediately 
poured over minimal glucose agar plates with swirling action to achieve uniform 
distribution of the top agar and allowed to harden on a levelled surface. Plates 
were inverted and placed in a dark, vented incubator maintained at 37°C for 48 
hours. Revertant colonies were counted after subtracting the spontaneous mutation 
from induced mutation. 
In the case of XAD concentrated water samples, DMSO was used as a 
control. The final number of revertant colonies in this case was obtained after 
subtracting the revertant colonies with the sum of spontaneous mutation and the 
number of revertant colonies in the solvent control. 
RESULTS 
1 (A). Ames testing of the industrial waste water without S^  : Fig 15 A 
shows the number of histidine revertants upon treatment of the Ames tester 
strains with the industrial waste water without S^ . The water sample exhibited 
significant level of mutagenicity. TA97a, TA98 and TA102 showed the same 
pattern in the sense that the numbers of revertants increase upto the concentration 
of 15jLil / plate and then showing a decline in the number of revertant colonies. 
The maximum number of revertant colonies, 3.2x1 OVlitre, was obtained with 
TA98. The number of revertant conlonies with TAIOO increased upto the 
concentration of lOfil / ml (2.1x1 OVlitre) but then it showed a significant decline 
m the reversion property. However, this water sample showed a high toxicity to 
TAI04 at various test doses. The strains could be sequenced in order of their 
responsiveness as under: 
TA98 > TA97 > TA102 > TAIOO > TA104. 
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1 (B). Ames testing of the industrial waste water with S, : The reversion 
pattern of the Ames tester strains upon treatment with industrial waste water in 
the presence of S fraction is shown in Fig. 15 B. The industrial waste water 
exhibited a high degree of sensitivity upon metabolic activation. A high level of 
mutagenicity is observed with the strain TA102 exhibiting 1.3x10'* revertants/litre 
at the dose of 5(il/plate. Beyond that concentration, it showed a constant decline 
The sensitivity of the strains towards the industrial waste water samples can 
be recorded as given below : 
TA102 > TA97a > TA98 > TAIOO > TA104. 
2 (A). Ames testing of the XAD concentrated groundwater samples without 
S, : Ames testing with 300x XAD concentrated groundwater obtained from the 
industrial estate of Aligarh without S^  has been shown in Fig. 16 A All the 
strains showed a similar response in the sense that the number of revertant 
colonies increased upto a certain concentration (100|al / plate) which is equivalent 
to 30ml of non-concentrated water and then showed a considerable decline. The 
maximum number of revertant colonies was obtained with the strain 1A98, 
wherein the number of revertant colonies was 9.3x10' followed by TA97a where 
the number of revertant colonies was recorded to be 6.6x10^ revertants/1. TA102 
was observed to be the least sensitive strain. 
The sensitivity pattern of the strains thus obtained was as follows 
TA98 > TA97 > TAIOO > TA104 > TA102. 
2 (B). Ames testing of XAD concentrated groundwater with S : In the 
presence of metabolic activation, the XAD concentrated ground water showed a 
decreased number of revertants as compared to the XAD concentrated water 
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DISCUSSION 
A number of short term in vitro test systems for investigating the genotoxic 
potential of chemical agents have been developed. These assays are generally 
based on the ability of the test compounds to interact and produce heritable 
changes (mutations) in the DNA of the target organisms . The most widely used 
short-term mutagenicity system is the Salmonel/a/rmcrosome assay. This assay was 
first validated in a study of 300 chemicals, most of which were known 
carcinogens (McCann et al., 1975, McCann and Ames, 1976; Maron and Ames, 
1983). Nearly 90% of the carcinogens tested were found to be mutagenic, but 
there was considerable overlapping of chemicals tested. It is customary to define 
the compound as negative if none of the tester strains respond with and without 
metabolic activation upto the limit of toxicity (Deserres and Ashby, 1981; Dyrby 
and Ingvardsen, 1983). An increase in the number of colonies (over the number 
of spontaneous background revertants) indicates that the chemical is mutagenic 
while the number of revertant colonies provide an index of the mutagenic activity 
of the samples (Levin et al., 1984; Flessel et al., 1987). 
In the mutagenicity assay of the industrial waste water samples, the TA98 
strain was found to be the most sensitive while TA97a strain has also shown a 
high degree of sensitivity (Fig. 15 A). TAIOO also attained a peak at a 
concentration of 5jj.l/plate after which there is a fall in its number of revertant 
colonies. It is well known that TA97a and TA98 strains would be able to detect 
those mutagens that cause frameshift mutations preferentially at the G-C hostpots 
(Maron and Ames, 1983). 
TA102 and TAI04 strains fell far behind in the sensitivity pattern. However, 
in the presence of S,, the reversion pattern of the Ames tester strains seems to 
have changed. With metabolic activation of the sample, TA102 became the most 
83 
sensitive strain, indicating the presence of oxidative mutagens which might have 
been produced due to metabolic activation of certain pollutants. 
The sensitivity of the strains TA97a, TA98 and TA102 in detecting the 
waste water genotoxicity, contaminated with heavy metal has been shown by 
Miadikova et al. (1999). Earlier studies in our lab has also established the 
efficacy of the strain TA98 in assaying the genotoxicity of industiral effluents 
(Malik and Ahmad, 1995). Our investigations have in a way further supported 
previous findings, vis-a-vis suggesting that the composition of pollutants attributed 
to genotoxicity remained the same to a large extent even after a period of eight 
years. 
Knasmuller et al (1998) have stressed the need for genotoxicity assays of 
ground water. These workers have also validated the use of XAD resins for 
concentrating the ground water samples before using it for bacterial mutagenicity 
tests. Keeping this in mind, and also the high genotoxicity obtained with the 
industrial waste, a ground water source was identified, in the industrial estate and 
its water was used for genotoxicity assay after XAD concentration. The sensitivity 
pattern of the water samples showed that TA98 was again found to be the most 
sensitive in the presence and absence of S^  fraction, followed by TA97a and 
TAIOO. TA102 was found to be the least sensitive strain indicating thereby that 
the presence of oxidative metagens to be minimal. An interesting point that needs 
to be mentioned here is that the sensitivity pattern is almost the same obtained 
with industrial waste water thereby suggesting that the mutagens present in this 
sample were similar to those present in the industrial waste water. It, therefore, 
implies that there is a possibility that the genotoxicants present in the industrial 
waste water might have percolated in the ground water system and thus could 
pose a great risk to human population, consuming this water. 
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The genotoxicity of surface water is called for serious attention because in 
India, rivers, lakes and harbours are used for recreational, agricultural, domestic 
and drinking purposes ( ISGE, 1990; SOER , 2001). Shen et al. (2001) have 
also strongly recommended the genotoxicity assays of surface water. Previous 
studies in our lab demonstrated the efficiency of Ames testing in the evaluation of 
the genotoxic potentials of riverine water samples (Rehana et al., 1995, 1996). 
Keeping this in mind, the genotoxicity testing of the Yamuna water at Agra 
was carried out after XAD concentration. Yamuna is supposed to be highly 
polluted with industrial wastes and agricultural runoffs as it passes through the 
important industrial and agricultural centres of northern India. The genotoxicity of 
this XAD concentrated river water sample was high (Fig. 17 A & B). This could 
be attributed to the fact that since Yamuna passes through Haryana and Delhi 
and other industrial cities of Haryana state, the pesticide load and the other 
industrial wastes including organic contaminants could be substantially high. 
Previous studies conducted in this lab also showed the genotoxicity of riverine 
system largely attributed to the presence of pesticides (Rehana et al., 1995, 1996) 
The mutagens present in this water would probably cause increased oxidative 
damage as assessed by the maximum response of TA102 in the presence and 
absence of S^  fraction. Moreover, TA98 has also responded strongly to this water 
sample. These findings, therefore, suggest that this water sample may contain 
certain oxidative mutagens as well as direct acting mutagens, as assessed by the 
strains TA102 and TA98 respectively, which can be metabolized. 
A summary of the relevant genetic markers and biochemical markers of the 
Ames tester stain is shown in Table 4, Chapter IT All the strains carry the 
pKMlOl plasmid which is believed to enhance the error- prone repair process 
(Levin at al., 1982; Little et al., 1989). Strains TA97a and TA98 have been 
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recommended for detecting frameshift mutagens (Levin et al,, 1982; Maron and 
Ames, 1983; Williams et al., 1999), whereas TAIOO has been recommended for 
detecting point mutation (Williams et al., 1999). TA102 and TA104 strains are 
known to detect oxidative mutagens (Levin et al., 1984; Williams et al.,1999). 
TA97a, TA98, TAIOO tester strains contain G-C base pairs at the critical site for 
reversion (Barnes et al., 1982, Levin et al., 1982; Maron and Ames, 1983). 
With regard to the individual difference among the G-C specific mutations. TA97a 
and TA98 are the frameshift type while TAIOO is the base pair substitution 
mutant. TA102 and TA104 are transition mutants and contain A-T base pairs al 
the critical site of reversion (Levin et al., 1982). It is interesting to note that 
most of the test water samples preferentially act on G-C hot spots as compared 
to those having A-T base pairs at the site of mutation, suggesting thereby that 
the compounds present in the test samples preferentially act on G-C base pairs to 
bring about both the frameshift and base pair substitution mutation. 
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INTRODUCTION 
The fluctuation test was originally devised by Luria and Delbajck in 1943 
to distinguish between adaptation and mutation as the mechanism underlying 
bacterial variability. Green and his colleagues (1976, 1977) have used Ryan's 
modification (Ryan, 1955) on the fluctuation test to develop a sensitive and 
simple mutation assay. In principle, the system can be used with any non-leaky 
end point with microorganisms or with cultured mammalian cells (Venitt et al , 
1984). Ames fluctuation test has proven to be valuable in detecting and 
investigating the effects of low doses and chronic exposures (Green, 1976; Venitt 
et al., 1984). 
In a standard experiment to measure induced reversion to amino acid 
independence in an auxotrophic strain of bacteria; the cells are treated with 
mutagen and plated on selective agar containing a growth limiting supplement of 
the particular amino acid (Bridges et al., 1973). The supplement of the amino 
acid allows a period of growth on the plate during which initial DNA damage 
can be converted into a mutation and the mutation expressed as a fianctional gene 
product. Although this type of experiment is suitable and accurate with high 
doses of mutagen, it is rather insensitive at low doses. The basic problem is that 
spontaneous mutation occurs throughout the period of growth on the plate, so 
that one is obliged to compare induced mutation in a small number of cells 
(e.g. 10*) with spontaneous mutation in a much larger number of cells (e.g. 
3x10^). With such numbers, for example, the induced mutation rate would have to 
be considerably more than ten times the spontaneous rate to be detected with any 
confidence. Hence if a mutagen causes only a small increase over the spontaneous 
mutation rate (say less than 10 fold), it will be missed in this type of test. To 
determine small increases, over the spontaneous mutation rate it is thus logical to 
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use a form of experiment designed to measure the spontaneous mutation rate 
itself The fluctuation test thus provides an attractively simple [sensitive test for 
low levels of mutagens or weak mutations (Green et al., 1976; Bridges, 1980). 
The fluctuation test is an assay for the detection of mutation induction in 
bacteria by chemicals, carried out in liquid medium and scored by counting the 
number of positive wells i.e the wells that turn yellow from blue or green due to 
the growth of revertants and detected by a change in the pH of the medium, 
identified by bromo-cresol purple or bromothymol dyes respectively. This test is 
very suitable for the standard Ames Salmonella strains. Moreover, it is 
comparable to the Ames test in its ability to detect mutagens and carcinogens and 
generally shares the limitations of that test as regards extrapolation to animals and 
man. The merits of this test over Ames test are that it is sensitive, it has the 
ability to be automated and facility for using hepatocytes for metabolic 
activation. The test is particularly suitable for the aqueous samples containing low 
levels of mutagen (Bridges, 1980). Due to the better sensitivity of the fluctuation 
test, it is very well suited to the search of mutagenicity in water samples (Wilcox 
and Denny, 1985; Le Curieux et al., 1995). 
Considering the benefits that Ames fluctuation test possesses, it is now 
being regularly used for mutagen screening and is a very potential candidate to 
be included in the battery of bioassays (Dutka, 1996). Gatehouse and Paes (1983) 
have described this test to be highly sensitive technique for the detection of 
bacterial mutagens because the low concentration of such mutagenic substances 
can only be detected by this highly sensitive assay Owing to its sensitivity, ability 
to be automated and equipped with the benefits of detecting very low levels of 
mutagens, specially in aqueous solvents, we exploited this test to assay the 
genotoxicity of water samples from different bodies. The work embodied in this 
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chapter describes the results obtained with this assay for the genotoxicity of 
various water samples. 
MATERIALS AND METHODS 
The reagents, media, and the bacterial strains used in this experiment has 
been listed in Chapter II. The protocol followed for the experiment was according 
to Venitt et al. (1984). We have used ELISA plates to carry out this experiment 
unlike the methods described by Venitt et al. (1984), as they have used tubes for 
their studies. The plates that were found to be the best amongst the lot of that 
we have used were the FALCON 3072. It had some advantages over other 
plates, in the sense that it was well-covered and thus had a very low evaporation 
rate. 
The protocol and the preparation of the incubation mixture (reaction 
mixture) has been described in Table 3 (Chapter II). After the preparation of the 
incubation mixture it was dispensed off" quickly to the wells of ELISA plates to 
give a set of independent 10|al cultures. The culture medium contained a small 
quantitiy of histidine (1.5 [ig/m\ for TA98 and 1.0 |ag/ml for TA97a, TAIOO and 
TA102) whose presence, during an overnight incubation allows several generations 
of auxotrophic cell division until the amino acid is exhausted. The next morning, 
selective medium, containing no amino acid was added. Incubation was then 
continued for 3-4 days. A drop in the pH of the medium caused by the luxuriant 
growth of revertants was detected by a colour change in the indicator dye, 
bromocresoi purple, added with the selective medium. The composition of the 
selective medium has been described in Chapter II. 
Calculations: 
Calculations of the Ames fluctuation test were carried out according to the 
method of Green et al. (1976). 
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Statistical Analysis: 
Significance. In the fluctuation test significance was tested by "Chi-squared" 
method. If there are an equal of number of tubes/wells(n) in the control and a 
treated set, t= number of treated tubes positive, and c=number of treated tubes 
positive, then, 
2n(t-c)^ 
X" ~ ~ 
(t+c) (2n-t-c) 
vv-ith one degree of freedom. 
The mean number of induced mutants per welK Mi) was obtained by the 
expression: 
n-c 
Mi = In 
n-t 
RESULTS 
1. Ames fluctuation test with industrial waste water without S, fraction : 
The result of Ames fluctuation test obtained with industrial water without S^  
has been presented in Table 8. The dose response curve of the most 
sensitive strain, TAIOO, in this case, has been shown in Fig. 18 A-
2. Ames fluctuation test with industrial waste water with S^  fraction : 
Mutagenic potential of industrial waste water in the presence of S^  fraction 
has been given in Table 9. TA97a was recorded to be the most sensitive 
strain. Fig. 18 B depicts the dose response curve of this strain. 
3. Ames fluctuation test with XAD concentrated ground water without S 
fraction : The response of different Salmonella strains with XAD 
concentrated ground water in the absence of metabolic activation is shown 
in Table 10. Moreover, the dose response curve of the most sensitive strain, 
TA98 , observed in this case is shown in Fig. 19 A. 
9 
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4. Ames fluctuation test with XAD concentrated ground water with S^  
fraction : The strain TA98 was again found to be the most sensitive, as 
observed in Table 11. Fig. 19 B fUrther establishes the sensitivity of this 
strain giving the best dose response curve. 
5. Ames fluctuation test with XAD concentrated river water without S, 
fraction : Table 12 shows the sensitivity pattern of XAD cx)ncentrated river 
water without metabolic activation. As illustrated in Fig. 20 A, TA102 has 
been found to be the most sensitive strain to detect mutagenicity in this 
water sample. 
6. Ames Huctuation test with XAD concentrated river water with S, 
fraction : The genotoxic potential of the XAD concentrated river water 
with metabolic activation has been shown in Table 13. Fig. 20 B shows the 
dose response curve of the strain TA98, which has been found to be the 
most sensitive in this case. 
DISCUSSION 
As already mentioned the Ames fluctuation test is modification of the Ames 
test. Briefly, the compound / sample under study is exposed to bacteria in a 
liquid medium in many replicate cultures (in a 96 well microplate) instead of the 
agar plate used in the Ames assay. 
The statistical significance of the results was obtained as described by Green 
et al. (1976). /^<0.05 for x'>^S4 and p<0.0\ for x->6.63. A compound is 
considered to be mutagenic, if , (i) a statistically significant increase is induced in 
the number of positive wells compared to the solvent control, (ii) a dose-effect 
relationship is observed, and (iii) the results are reproducible. A substance is 
considered to be toxic when it produces a significant decrease in the number of 
positive wells compared to the solvent control (Le Curieux et al., 1995) 
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In the case of fluctuation test with industrial waste water all strains have 
been found to give an appreciable responses. However, TA97a and TA102 
responded quite strongly, thereby raising doubts about their validity, since it is 
always recommended to get a moderate increase in 'Mi' with dose. TA97a and 
TA102 did not fulfill such condition. TAIOO strain has shown a moderate increase 
in the 'Mi' with dose and a graphical representation gave a good dose response 
curve (Fig. 18). The sensitivity of the strain TAIOO in detecting the mutagens 
present in water samples has already been established (Loper, 1980; Harrington et 
al., 1983; Meier, 1988; Le Curieux et al., 1995). Our results have in a way 
supported their findings. 
In the presence of S^  fraction , with the industrial waste water, TA97a has 
shown a good response amongst the other strains. At low concentrations of the 
water samples, highly significant values were obtained, thereby suggesting a high 
sensitivity. The increase in 'Mi' was also moderate. TAIOO exhibited a high 
sensitivity without S^  fraction but in the presence of S^  fraction it was not found 
to be sensitive. A comparison of the significance level values showed that in the 
presence of S^  fi-action, this strain had even exhibited non-significant level values 
As mentioned earlier, TAIOO has been established as a highly sensitive strain 
in detecting the genotoxicity of water samples (Harrington et al.,1983; Meier, 
1988; Le Curieux et al.,1995 ). We have nevertheless, employed other Ames 
tester strains in addition to TAIOO for the mutagenicity testing of the water 
samples. The response obtained with TA97a in the above case, however, makes 
us believe that other strains may also be used in addition to TAIOO strain in 
the evaluation procedures of the genotoxicity of water bodies. 
In case of concentrated groundwater, all strains have shown a significant 
response. TA98 strain was the most sensitive strain without S, fraction as highly 
95 
significant values were found with at least 2 concentrations. The induced 
mutation , Mi , was also the highest with this strain (1.38). But in the presence 
of S , all strains have shown good sensitivity, showing highly significant values 
with at least 2 concentrations but with TA98, higher levels of significance were 
obtained for at least 3 concentrations. TA98 was thus again the highly sensitive 
strain in this case also.These findings suggest us to recommend TA98 strain for 
the Ames fluctuation analysis of ground water in the vicinity of the industrial 
area 
The concentrated river water from Agra in the absence of S,, also showed 
high sensitivity with all the strains. Although the TA97a and TA102 strains 
showed equal sensitivities in terms of significant values but when considering the 
values of Mi, TA102 attained a high value (2.89) as compared to TA97a (1.89) 
(Table 12). TA102 is thus expected to be most sensitive strain A graphical 
representation of the dose response curve of TA102 is shown in Fig.20A.In the 
presence of S^ , TA97a, TA98 and TA102 all exhibited appreciable levels of 
sensitivity. A comparison of the significant values showed that highly significant 
values were obtained for at least four concentrations with TA97a and TA98 but 
not with TA102. In fact , TA102 showed highly significant values with three 
concentrations (Table 13). On the other hand, a comparison of Mi vs dose 
showed that TA98 was the most sensitive strain exhibiting moderate increase with 
increment in dose. The sensitivity of the strain TA98 in assaying the genotoxic 
potentials of surface water has also been demonstrated lately by Shen et al 
(2001). Earlier studies in our lab established the efficacy of the strains TA102 and 
TA98 in assaying the mutagenic potential of riverine water systems (Rehana et 
al.,1995, 1996 ). 
The mutagenic response of concentrated ground water could be termed as 
moderate But in the presence of S, fraction all the strains were quite sensitive 
96 
which is a serious matter. Since it is present in concentrated water, apparently it 
may not be a very serious problem, but long term exposure and accumulation of 
toxicant in the exposed population would be disastrous. 
As regards to the concentrated river water, TA102 exhibited the maximum 
response without S^ ,, suggesting the presence of certain oxidative mutagens. But in 
the presence of S^ ,, TA98 showed the maximum sensitivity, although a high 
sensitivity pattern was also obtained with TA97a . These results are indicative of 
significant amounts of mutagens and carcinogens in the river water at Agra which 
calls for serious attention. 
A comparison of the values of X" and Mi from Table 8 and Table 9 
showed that these values have decreased in the presence of S^  fraction. Green et 
al. (1976) have reported that with compounds requiring metabolic activation the 
advantage of the fluctuation test may not be much pronounced. It is because the 
microsomes remain active only for a limited period of time so that -the duration 
of effective treatment is reduced. In addition , in a plate the microsomes are 
immobilised together with the bacteria in the top agar layer, which may prolong 
effective treatment. Our study with the industrial waste water has shown the same 
pattern. But in the case of XAD concentrated ground water and river water this 
was not observed. This could be so, because these samples are supposed to be 
having low amounts of genotoxicants in comparison to the industrial waste water 
Moreover, our contention along with that of several other workers (Green et al., 
1977; Bridges, 1980; Venitt et al., 1984), that this test may specially be used for 
the mutagenicity testing present in aqueous bodies , supposed to be having low 
amounts of these substances stands fully justified. But in spite of the disadvantage 
discussed above, the advantage in the use of fluctuation assay in terms of 
sensitivity does appear to exist and we strongly recommend this test to be a part 
of the battery of bioassays for genotoxicity testing and more so of the water 
bodies. 
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Table 14 shows a comparison of the Mi values (extrapolated to obtain a 
value per litre of the sample) of the various water samples. This calculation has 
been done with the values obtained for the most sensitive strain with a particular 
water sample. These values thus obtained could be considered as an index for the 
estimation of the genotoxic potential of the water samples. From the table it is 
evident that the industrial waste water was the most toxic followed by the XAD 
concentrated river water. XAD concentrated ground water was found to be the 
least toxic. 
The results obtained with the Ames fluctuation assay have more or less 
validated the findings obtained by the Ames test, regarding the nature of the 
mutagens present in the water sample under study (Chapter V, Fig. 15, 16, 17). 
It is well established that TA97a, TA98 and TAIOO detect those mutations that 
act at G-C hotspots (Levin et al., 1982; Maron and Ames, 1983) whereas TA102 
detects mutagens that act at A-T (Levin et al.,1982 ; Maron and Ames, 1983). 
In most of the cases we have observed those strains to be more sensitive, that 
detect frameshift mutation (TA97a and TA98). TAIOO has also been observed to 
be the most sensitive in one case (Fig. 18 A). These findings suggest that the 
water samples contain those mutagens that bring about both frameshift mutation 
and base pair substitution mutation mostly. Moreover, TA102 was found to be 
reliably sensitive to the XAD concentrated river water thereby, suggesting for the 
presence of oxidative mutagens in the riverine sample (Fig. 20 A ). 
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Table 8: Ames fluctuation test with industrial waste water without 
S^  fraction. 
Strain Cone, of water sample 
(Hl/ml) 
Chi-square Significance M 
1 TA97a 
2. TA98 
3. TAIOO 
4. TA102 
2 
5 
10 
15 
20 
2 
5 
10 
15 
20 
2 
5 
10 
15 
20 
2 
5 
10 
15 
20 
7.11 
7.11 
9.55 
9.55 
9.55 
4.46 
10.08 
12.76 
12.76 
12.76 
4.46 
7.85 
10.08 
10.08 
12.76 
21.30 
27.00 
30.00 
30.00 
30.00 
<0.005 
<0.005 
<0.001 
<0.001 
<0.001 
<0.025 
<0.001 
<0.001 
<0.001 
<0.001 
<0.025 
<0.005 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
1.60 
1.60 
2.30 
2.30 
2.30 
0.87 
1.79 
2.48 
2.48 
2.48 
0.87 
1.09 
1.79 
1.79 
2.46 
1.60 
2.30 
2.99 
2.99 
2.99 
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Table 9: Ames fluctuation test with industrial waste water with S 
fraction. 
Strain Cone, of water sample 
(Hl/ml) 
Chi-square Significance M 
1 TA97a 
2. TA98 
TAIOO 
4. TA102 
2 
5 
10 
15 
20 
2 
5 
10 
15 
20 
2 
5 
10 
15 
20 
2.42 
7.05 
18.75 
21.48 
24.46 
0.33 
4.54 
6.70 
6.70 
6.70 
0.04 
2.27 
5.48 
6.85 
16.00 
<0.5 
<0.01 
<0.001 
<0.001 
<0.001 
<0.9 
<0.25 
<0.005 
<0.005 
<0.005 
NS 
<0.1 
<0.01 
<0.005 
<0.001 
2 
5 
10 
15 
20 
0.76 
2.14 
6.00 
7.85 
7.85 
<0.1 
<0 1 
<0.01 
<.005 
<.005 
0.30 
0.64 
1 55 
1.84 
2,25 
0.28 
1.38 
2.07 
2.07 
2.07 
0.11 
0,32 
0.58 
0.69 
1.09 
0.27 
0.40 
1.09 
1.38 
1.38 
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Table 10 : Ames fluctuation test with XAD concentrated ground 
water without S^  fraction. 
Strain 
1. TA97a 
2. TA98 
3. TAIOO 
4. TA102 
Cone, of water sample 
i\x\/m\) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
Chi-square 
2.61 
4.26 
4.26 
6.85 
8.39 
3.63 
6.00 
6.18 
12.34 
18.75 
1.61 
2.42 
3.56 
5.68 
8.57 
2.42 
3.37 
4.46 
5.68 
10.24 
Significance 
<0.1 
<0.05 
<0.05 
<0.005 
<0.001 
<0.1 
<0.025 
<0.025 
<0.001 
<0.001 
<0.5 
<0.5 
<0.05 
<0.01 
<0.001 
<0.5 
<0.1 
<0.025 
<0.01 
<0.001 
M. 
I 
0.32 
0.49 
0.49 
0.69 
0.81 
0.35 
0.52 
0.60 
0.90 
1.38 
0.23 
0.30 
0.45 
0.54 
0.79 
0.30 
0.37 
0.45 
0.54 
0.85 
The VO^lueS m brackets denote the water equivalent in ml. 
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Table 11 : Ames fluctuation test with XAD concentrated ground 
water in the presence of S^  fraction. 
Strain 
1, TA97a 
2^  TA98 
3, TAIOO 
4. TA102 
Cone, of water sample 
{[i\/m\) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
Chi-square 
2.67 
4.75 
7.37 
10.54 
14.30 
2.27 
7.05 
12.08 
16.33 
21.48 
2.79 
4.26 
8.39 
10.10 
2.79 
4.26 
6.85 
8.39 
10.10 
Significance 
<0.1 
<0.05 
<0.005 
<0.001 
<0.001 
<0.5 
<0.005 
<0.001 
<0.001 
<0.001 
<0.05 
<0.05 
<0.05 
<0.001 
<0.001 
<0.05 
<0.05 
<0.005 
<0.001 
<0,00] 
M. 
0.27 
0.43 
0.60 
0.79 
1.03 
0.45 
0.69 
0.98 
1.33 
1.84 
0.32 
0.40 
0.49 
0.81 
0.94 
0.32 
0.49 
0.69 
0.81 
0.94 
The v a l u e s in brackets denote the water equivalent in ml. 
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Table 12 : Ames fluctuation test with XAD concentrated river' 
water without S„ fraction. 
Strain 
1 TA97a 
2. TA98 
3. TAIOO 
4. TA102 
Cone, of water sample 
(Hi/ml) 
2 (0,6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
Chi-square 
6.00 
18.20 
18.76 
22.33 
24.12 
2.10 
4.09 
10.24 
14.72 
17.42 
1.37 
3.02 
4.09 
10.24 
12.34 
5.48 
8.39 
14.10 
19.09 
25.17 
Significance 
<0.025 
<0.00\ 
<0.001 
<0.001 
<0.001 
<0.5 
<0.025 
<0.001 
<0.001 
<0.001 
<0.5 
<0.05 
<0.025 
<0.001 
<0.001 
<0.01 
<0.001 
<0.001 
<0.001 
<0.001 
M. 
0.52 
0.79 
1.38 
1.60 
1 89 
0.38 
0.57 
1.38 
1.67 
2.07 
0.28 
0.47 
0.57 
1.16 
1.38 
0.58 
0.81 
1.28 
1.79 
2.89 
* Yamuna river water obtained from Agra. 
The v a l u e s in brackets denote the water equivalent in ml. 
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Table 13 : Ames fluctuation test with XAD concentrated river* 
water with S, fraction. 
Strain 
1. TA97a 
2. TA98 
3. TAIOO 
4. TA102 
Cone, of water sample 
(Hl/ml) 
2 (0.6) 
5 ( 1 5 ) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
2 (0.6) 
5 (1.5) 
10 (3.0) 
15 (4.5) 
20 (6.0) 
Chi-square 
5.48 
10.10 
19.04 
19.04 
25.11 
4.26 
12.00 
14.10 
21.90 
25.17 
2.11 
4.09 
6.76 
12.34 
17.42 
5.33 
6.76 
10.25 
17.42 
20.49 
Significance 
<0.01 
<0.001 
<0.001 
<0.001 
<0.001 
<0.025 
<0.001 
<0.001 
<0.001 
<0.001 
<0.1 
<0.025 
<0.005 
<0.001 
<0.001 
<0.01 
<0.005 
<0.001 
<0.001 
<0.001 
M, 
0.58 
0.94 
1.79 
1.79 
2.89 
0.49 
1.10 
1.28 
2.19 
2.89 
0.37 
0.57 
0.82 
1.38 
2.07 
0.69 
0.82 
1.16 
2.07 
2.77 
* Yamuna river water obtained from Agra. 
The va.|<J£S in brackets denote the water equivalent in ml. 
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Table 14 : Comparative values of M./ litre with the most sensitive strain 
in the Ames fluctuation test for different water samples 
Sample 
IWW 
IWW 
CGW 
CGW 
CRW 
CRW 
(-S,) 
(+s,) 
(-SJ 
(+SJ 
(-S,) 
(+s,) 
Strain 
TAIOO 
TA97a 
TA98 
TA98 
TA102 
TA98 
M, 
( per litre of test 
water samples) 
2.04x10^' 
1.33x10' 
3.1x10-
4.2x10-
1.0x10^ 
8.2x10-
IWW - Industrial waste water 
C G W - Concentrated ground water 
CRW - Concentrated river water. 
Fig. 18 A Dose response eftects of the industrial waste water in the Ames 
fluctuation test without S^  fraction 
Fig. 18 B Dose response effects of the industrial waste water in the Ames 
fluctuation test with S,^  fraction 
Fig. 19 A Dose response effects of the XAD concentrated ground water in 
the Ames fluctuation test without S^  fraction 
Fig. 19 B Dose response effects of the XAD concentrated ground water in 
the Ames fluctuaton test with S^  fraction 
Fig. 20 A Dose response effects of the XAD concentrated river water in the 
Ames fluctuation test without S^  fraction 
Fig. 20 B Dose response effects of the XAD concentrated river water in the 
Ames fluctuation test with S.^  fraction 
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Chapter VII: 
Role of SOS repair in water 
borne pollutants induced 
injury 
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INTRODUCTION 
Damage to DNA is likely to be a major cause of cancer and other diseases 
(Haitt et al.,1977; Ames, 1979; Maru and Bhide, 1989; Zhou and Elledge, 2000). 
The Salmonella mutagenicity assay, and other short term microbial based assays 
are being extensively used to survey a variety of substances in the environment 
for mutagenic and carcinogenic activity (Dutka, 1996). Studies on living cells have 
shown that DNA damage results in the change in physiological processes such as 
growth, division, transcription of DNA, chromosomal structure, abnormal meiosis. 
mutation and induction of transformation (Broomfield et al., 2001; Kumar et a!., 
2001). 
Various physical and chemical agents in the environment have been shown 
to damage or modify the structure of DNA />; vivo. The physical agents include 
ultraviolet light, ionizing radiations and mild heat (Ahmad et al., 1978; Labuik et 
al., 2001). In the category of chemical agents, deaminating agents and alkylating 
agents are the major genotoxicants besides thousands of mutagenic agents 
(Strauss, 1968; Maron and Ames, 1983; Friedberg, 1985; Pastnik et al., 200!) 
The ability of an organism to survive in an environment specifically 
damaging to its DNA can be attributed to a variety of inherent repair mechanisms 
(Friedberg, 1985; Modrich, 1991; Zhou and Elledge, 2000). The role of the repair 
machinery is to maintain the integrity of the cell and if the repair system is 
inadequate it may lead to cell death (Leadon, 1996; Peltomaki, 2001, 
Brazmanova, et al., 2001). 
Among the genotoxicity tests, DNA repair assays take a prominent position 
(Quillardet et al., 1982; Kerklaan et al., 1985; Hellmer and Boldsfoldi, 1992; 
MuUer and Janz, 1992). Several repair assays have been developed by a number 
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of workers, e.g.. Salmonella typhimiiriiim repair system, polA repair system , 
E.coli K-12 and E.coli WB, repair systems ( Ames et al , 1971;Slater et al , 
1971; Green et al., 1976; Hellmer and Boldsfoldi, 1992, Ilinskaya et al., 1995) 
These DNA repair tests estimate the extent of DNA damage to determine the 
mutagenic potential of a chemical based on the expression of SOS genes in 
treated bacterial cells (Bagg et al., 1981; Kenyon and Walker, 1981; Gottesman, 
1984). In l^.coli higher levels of DNA damage trigger a stress response in the 
cell involving a regulated increase (induction) in the levels of a number of 
proteins. This is called the SOS response (d' Ari, 1985; Sancar and Sancar, 
1988). SOS response includes the induction of a transitory mutagenic DNA repair 
system, the activation of inducible prophage and of several other functions 
involved in cell division and DNA metabolism (Radman et al., 1974; Witkin, 
1976). Through the use of this system it is possible to identify and partially 
characterize the type of damage caused by a chemical or toxic environmental 
agent. A high correlation between DNA repair system in bacteria and higher 
organisms has been well established (Leifer et al., 1981; d'Ari, 1985; Brazmanova 
et al., 2001). 
The work embodied in this section was, therefore, planned to estimate the 
extent of injury in E.coli cells brought about by the test water samples derived 
from various sources. The objective was to understand the genotoxic potential of 
water samples and its major pollutants in terms of SOS- response induced in 
E.coli cells. This study would provide an additional test in support of mutagenic 
potential of the test systems. Our contention was that SOS defective strains of 
E.coli K-12 as well as lamda lysogen used for this study might serve as a 
convenient model for this purpose because even a slight change in the 
environment could be reflected in their survival, expression of SOS genes and 
plaque forming capacity. 
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MATERIALS AND METHODS 
Bacteria, media, test samples and buffer are described in Chapter II. 
Relevant genetic markers associated with the working strains are also given in 
Chapter II. Survival patterns of the SOS defective E.coli strains were studied in 
the presence of 300x XAD-concentrated water samples. However, the industrial 
wastewater was used directly for the studies. River water samples were used both 
without concentration and concentrating them on XAD resins for this study. 
Sample treatment to E.coli K-12: The SOS-defective mutants of E.coli K-12 
as well as the isogenic wild-type strains were harvested by centrifugation from 
exponentially growing culture (1.5x10^ viable counts per ml). The pellets so 
obtained were resuspended in lOmM MgSo^ solution. This suspension was then 
treated with an equal volume of the test water samples. Samples were withdrawn 
at regular intervals, of two hours upto six hours, suitably diluted and plated to 
assay the colony forming ability. Plates were incubated overnight (0/N) at 37'C 
For concentrated water samples, the solvent control was also run simultaneously. 
The E.coli K-12 strains were also tested with UV and mild heat (52'C) to 
serve as positive controls. 
A--prophage induction in the presence of test-water samples: Exponentially 
growing lysogen of X-cI%51 (1-4x10^ viable cells/ml) was centrifliged, washed and 
resuspended in lOmM MgSO^ solution. The resuspended cells were treated with 
the test water samples at 50% concentration (equal volumes of lOmM MgSO^ 
solution and test water samples) and incubated at 32°C for 3 hours. The cells 
were again centrifuged, washed and resuspended in nutrient broth with and 
without chloramphenicol (100 ^ig/ml) and incubated at 32"C for the next three 
hours. Aliquots were taken out at regular intervals, suitably diluted and plated 
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with AB1157 cells. The plaques were scored after 0/N incubation at 42'^ C. The 
solvent control was also run simultaneously. 
The detailed procedure of concentration of water samples by XAD has been 
discussed in Chapter II. 
RESULTS 
Survival pattern of E.coli K-12 strains subjected to different water samples 
(i) Survival of E.coli K-12 strains treated with industrial waste water of 
Aligarh city: Fig. 21 depicts the patterns of the survival of the E.coli K-12 
strains treated with industrial waste water (IWW) obtained from the industrial 
estate, Aligarh. The pollutants in the water samples brought about a significant 
decline in bacterial colony forming ability compared with their wild-type 
counterparts. The strain AB2480 carrying both the iivrA as well as the recA 
mutation showed the maximum sensitivity followed by that of iivrA mutant, 
AB1886. An appreciable decline (0.52%) was observed with uvrA mutant 
compared with its wild type strain (40%). Following the uvrA mutant were the 
recA (1%), lexA (4.16%) and po/A (4.2%) strains on 6 hours of treatment. 
(ii) Survival of E.coli K-12 strains treated with river water from the 
Yamuna: Survival patterns of the various E.coli K-12 strains subjected to the 
river water treatment are presented in Fig. 22. The recA uvrA double mutant 
showed the maximum sensitivity (4.2%) survival of 6 hour exposure. However, 
recA strain was also found to be quite sensitive (8.8%)) and it was closely 
followed in sensitivity by the uvrA mutant (10.2%). Unlike the survival pattern of 
the E. coli strains subjected to IWW treatment, in this case the recA mutant was 
noticed to be more sensitive than the uvrA mutant. Moreover, the lexA mutant 
was more sensitive than the polA mutant. 
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(iii) Survival of E.coli K-12 strains treated with XAD concentrated 
ground water: The non-concentrated ground water did not show a significant 
damage upto 6 hours of treatment. However, the survival pattern observed with 
concentrated samples was quite interesting. The polA strain was found to be the 
most sensitive (0.81%) compared to recA (1,63%) and lexA {2.1%) strains upto 6 
hours of treatment. Fig. 23 depicts the survival pattern of E.coli K-12 strains 
exposed to the XAD extract of ground water samples for various time intervals. 
(iv) Survival of E.coli K-12 strains treated with XAD concentrated 
river water of Yamuna at Agra: Fig. 24 shows the survival patterns of 
E.coli K-12 strains incubated at various time intervals with river water samples. 
The recA mutant displayed the maximum sensitivity (1.09%), following it closely 
was the polA strain (1.66%). However, the lexA mutant showed the least 
sensitivity (3.6%) when these strains were subjected to 6 hours treatment. 
X- prophage induction with test water samples 
The induction of X- prophage as a result of treatment to the lysogen with 
various water samples has been illustrated in Tables 15-18. A fraction of the 
lysogenic population exhibited induction of lytic cycle during the liquid holding for 
3 hours at 32°C. Moreover, it appeared that extent of induction was quite high 
when compared with the control. There was no significant increase in the 
prophage induction over and above the background level in the untreated control 
as well as in the chloramphenicol supplemented tubes containing test water 
samples. The industrial waste water brought about the maximum induction of 
lysogen and following it closely was the 300x XAD concentrated river water of 
Yamuna at Agra. Surprisingly, even the non-concentrated water of the Yamuna 
river also showed a moderate increase in the PFU, suggesting thereby the 
presence of significant levels of genotoxicants in this water sample. Moreover, the 
I l l 
XAD concentrated ground water samples of Aligarh city could also bring about a 
significant level of A,-induction in the lysogen. 
DISCUSSION 
Ultraviolet light, ionizing radiations, and various environmental chemicals 
induce DNA damage (d' Ari, 1985; Cadet et al., 2001; Coureclle and Hanawalt, 
2001; Kumar et al., 2001; Tuteja and Tuteja, 2001). This damage is eliminated by 
various repair pathways, viz. post replication repair, base excision repair, 
nucleotide excision repair, mismatch repair, direct repair, etc. (Friedberg, 1985; 
Broomfield et al., 2001; Peltomaki, 2001). These are the major repair pathways 
that work in the prokaryotic system. When all the pathways are operative the 
repair capacity is tremendous and on the contrary when all the pathways are 
blocked and the cellular DNA is left unrepaired, it can result in cell death and 
mutation (Leadon, 1996; Pastnik et a!., 2001; Peltomaki, 2001). 
In the bacterium E. coli, DNA damage or stalled DNA replication triggers 
a set of ftjnctions collectively called the 'SOS response'. The regulation of the 
SOS response involves a repressor, the LexA protein, and an inducer, the RecA 
protein. After DNA damage, an effector molecule is produced, possibly a single 
stranded DNA which activates the RecA protein to a form, catalyzing proteolytic 
cleavage of LexA protein. Since the LexA protein represses many genes including 
repair functions genes, the proteolytic cleavage of LexA protein under SOS 
conditions results in the expression of the recA and lexA genes also (Friedberg, 
1985; d' Ari, 1985). The repressors of certain prophages like that of Ac/857 are 
cleaved under the same conditions, resulting in lysogenic induction. The SOS 
ftjnctions are involved in DNA repair and mutagenesis, in the inhibition of cell 
division, in recovery of normal physiological conditions after the DNA damage is 
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repaired, and possibly in cell death when DNA damage is too extensive (Sancar 
and Sancar, 1988). In general the substances that are genotoxic to higher 
eukaryotes induce the SOS response XTi bacteria. This correlation is the basis of 
the numerous bacterial tests for genotoxicity and mutagenicity/carcinogenicity 
(Maron and Ames, 1983). 
The recA, lexA and polA mutants were found to be highly sensitive to the 
test water samples (Figs. 21-24) suggesting thereby the damage to the DNA of 
the exposed cells as well as the role of recA, lexA and polA genes to cope with 
their hazardous effect. The role of recA, lexA and polA genes in initiating the 
SOS repair in E.co/i is well documented (Walker, 1985; Friedberg, 1985; Uinskaya 
et al., 1995; Courcelle and Hanawalt, 2001; Courcelle et al., 2001). This idea 
gains fiirther support from the induction of prophage in the X-lysogen (Table 15-
18). Prophage induction by radiations, chemicals and other mutagenic compounds 
has been well established and is considered to be one among the many SOS-
responses (Witkin, 1976; Fujita and Kakishima, 1989; De Marini et al., 1994, 
Cabrera, 2000; Vargas et al., 2001). 
The efficacy of the E.co/i K-12 repair defective mutants in assaying the 
genotoxicity of surface water and industrial waste has been established in our lab 
(ISGE, 1990; Malik and Ahmad, 1995; Rehana et al., 1996). Rehana et al. 
(1996) in theiY studies have reported the sensitivity of recA mutant in the 
evaluation of the genotoxicity of riverine water samples. The sensitivity of pu/A 
mutants towards the XAD concentrated water samples has also been shown in 
the studies of Rehana et al. (1996). Our results are in accordance with the above 
findings, which establishe the validity of this system in the genotoxicity 
determination of complex environmental mixtures. 
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A number of studies have been reported on the genotoxicity of industrial 
and domestic wastes (Somashekar and Govindappa, 1983; Meier et al.,1987), 
Somasekhar and Govindappa (1983) found that the pollutants present in the waste 
water from electroplating industries, induced chromosomal aberrations in the plants 
growing in varying concentrations of this waste water. They also concluded that 
heavy metal complex and cyanides were responsible for the observed effects. 
The sensitivity of prophage induction test in assaying the genotoxicity of 
riverine water samples has been reported by Vargas et al. (2001). Bourbigot et al. 
(1986) have reported the ability of drinking water concentrates to induce the 
SOS-response by means of DNA damage in E.coli cells. Several other 
investigators have also used this test for the detection of DNA damage in the 
presence of several pesticides (Rashid et al., 1984). Pesticides commonly present 
in our environment were classified on the basis of damaging and non-damaging 
agents to Salmonella and E.coli repair tests. This system of classification was 
reported by Kada et al. (1974), Mamber et al. (1983), Rashid and Mumma 
(1986). They found that some pesticides and their degradation products induced 
damage to Salmonella and E.coli mutants, but some did not show any lethal 
effect on the repair proficient strains of Salmonella sp. This suggested that the 
damage produced was repaired by an error-free repair mechanism which would 
correct any mutational changes that are produced before the cells start to 
replicate DNA (Witkin, 1976). 
With regards to the damaging effects of various test water samples, the 
recA strain, was found to be the most sensitive followed by the lexA and polA 
strains. But polA was found to be quite sensitive in response to the XAD 
concentrated water samples. It was the most sensitive mutant towards the XAD 
concentrated ground water samples but was second in sensitivity pattern to XAD 
concentrated river water from Agra. The lexA strain exhibited the least sensitivity 
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to the XAD concentrated river water sample. These findings are suggestive of the 
presence of different nature and/or composition of genotoxicants in the two test 
systems. 
We also carried out experiments using the recAuvrA double mutant. This 
strain was found to be more sensitive than its isogenic single mutants suggesting 
thereby the presence of lesions repairable by both pathways. 
The industrial waste water brought about the maximum prophage induction 
and thus was the most toxic sample. Even the non-concentrated river water has 
shown some inducrion. The XAD concentrated ground water has resulted in 
prophage induction, thereby, suggesting the presence of certain SOS inducing 
compounds in the groundwater samples. This test is, therefore, an important tool 
to detect the genotoxicity of water samples by XAD concentration method when 
the mutagens are thought to be present in low amounts. Other concentration 
procedures like the blue rayon method needs to be developed for such types of 
studies (Dutka, 1996). 
These experiements alongwith the elevated mutagenic response with 
Salmonella strains confirm the validity of these short-term assays for evaluating 
the genotoxic activity of water samples. Although Salmonella reversion tests and 
E.coli DNA-repair tests have different genetic end-points, in many cases the 
reversion tests have proven to be superior for compounds requiring metabolic 
activation (DeFlora et al.,1984), while DNA repair tests are superior for direct 
acting agents. It is, therefore, appropriate to select both the test systems. 
Moreover, our results are consistent with the idea that the test samples initiate 
the SOS-response and thus would bring about the mutation in bacterial DNA. 
The DNA damage and mutation with the SOS like response brought about by 
mutagenic samples might also play an important role in the neoplastic 
transformation in the higher system. 
Fig. 21 Survival pattern of the E.coli K-12 strains subjected to industrial 
waste water treatment 
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Fig. 23 Survival pattern of the E.coli K-12 strains subjected to XAD 
concentrated ground water treatment 
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Fig. 24 Survival pattern of the E.coli K-12 strains subjected to XAD 
concentrated river water treatment 
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Table 15 : X-prophage induction by industrial waste water of 
Aligarh city 
Time of 
incubation 
of lysogen 
in nutrient 
broth at 
32"C(hrs) 
0 
1 
2 
Untreated 
Buffer 
Control 
1 
1.1 
1.7 
1.9 
X- prophage induction/10^ lysogen 
After treatment with test water 
samples for 3 hrs 
(2 fold diluted) 
1.0 
3.2 
16,7 
22.2 
in the presence 
of test-water 
samples + 
chloramphenicol 
(100|ig/ml) 
1.0 
1.0 
1.0 
1.0 
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Table 16 : X- prophage induction by river water of Yamuna, Agra 
Time of 
incubation 
of lysogen 
in nutrient 
broth at 
32"C(hrs) 
0 
1 
2 
3 
Untreated 
Buffer 
Control 
1 
10 
1.7 
1.9 
X- prophage induction/lO*' lysogen 
After treatment with test water 
samples for 3 hrs 
(2 fold diluted) 
10 
1.0 
1.9 
2.5 
In the presence 
of test-water 
samples + 
chloramphenicol 
(100|.ig/ml) 
1.0 
1.0 
1.0 
1.0 
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Table 17 : A,-prophage induction by XAD concentrated ground 
water of Aligarh city 
Time of 
incubation 
of lysogen 
in nutrient 
broth at 
32"C(hrs) 
0 
1 
2 
• ^ 
J 
Untreated 
Buffer 
Control 
1 
1.3 
1.4 
1.4 
X- prophage induction/10'' lysogen 
After treatment with test water 
samples for 3 hrs 
Solvent 
control 
DMSO 
1.0 
1.0 
1.0 
1.1 
Nonconcen-
trated 
water 
sample 
1.0 
1.2 
1.3 
1.4 
XAD 
concentrated 
water 
sample (300x) 
1.0 
1.6 
2.8 
3.2 
In the presence 
of test-water 
samples + 
chloramphenicol 
(100|ig/ml) 
1.0 
1.0 
1.0 
1.0 
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Table 18 : X-prophage induction by XAD concentrated river water 
of Yamuna, Agra 
Time of 
incubation 
of lysogen 
in nutrient 
broth at 
32"C(hrs) 
0 
1 
2 
Untreated 
Buffer 
Control 
1.0 
1.0 
1.1 
1.2 
X- prophage induction/10^ lysogen 
After treatment with XAD 
concentrated water samples 
for 3 hrs 
Solvent 
control 
DMSO 
1.0 
1.0 
1.0 
1.1 
XAD concentrated 
River water sample 
(300x) 
1.0 
2.8 
5.8 
10.3 
In the presence 
of test-water 
samples + 
chloramphenicol 
(100^ig/ml) 
1.0 
1.0 
1.0 
1.0 
Chapter VIII: 
Interaction of water borne 
pollutants with DNA : In 
vitro studies 
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INTRODUCTION 
DNA damage has been proposed as potentially useful parameter in screening 
chemicals for their genotoxic properties , since many chemical carcinogens and 
mutagens have been shown to produce DNA damage in mammalian cells (Ewig and 
Kohn, 1977; Schwarz et al., 1979; Pastnik et al., 2001). Some forms of DNA 
damage (eg deoxyribonucleoside chemical adducts) have been suggested as the 
initiators of chemical carcinogenesis (Brookes, 1977; Lutz, 1979). One particularly 
common type of DNA damage, the strand breakage (resulting from the hydrolysis of 
the phosphodiester linkage), is produced by a variety of chemical and physical agents 
and thus may be usefiil as an analytical parameter for assessing the exposure of the 
genotoxicants to the genetic materials (Stich et al., 1979; Lieber, 1998; Azuma et al., 
2001). 
Hydroxyapatite chromatography is one of the efficient procedures which has a 
widespread use in the study of nucleic acids (Bernardi, 1971). Its most popular 
analytical application is the separation of single and double stranded DNA (Kohne and 
Britten, 1971; Martinson, 1973) . This technique is based on the fact that denatured 
nucleic acids have less affmity for hydroxyapatite than their double stranded 
counterparts (Martinson, 1973). 
S, nuclease on the other hand has been used widely in the study of DNA 
secondary structure through a variety of approaches (Shishido and Ando, 1972). It 
hydrolyses single stranded regions in the duplex DNA and also detects locally altered 
structures (minor distortions) introduced by physical and chemical procedures (Shishido, 
1980). 
The DNA damaging potential of the genotoxicants can also be evaluated by 
the plasmid nicking assay. The damage caused to the plasmid DNA could be 
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observed on the agarose gel when the supercoiled form of the plasmid DNA is 
converted into linear and open circle form (nicked form). This test could be readily 
used as a short term in vitro genotoxicity testing system. 
Our findings with the Ames plate incorporation test and Ames fluctuation test 
(Chapter V and VI ) along with earlier studies conducted in our lab (Rehana et 
a!., 1995, 1996) have led to the conclusion that the oxidative damage is also caused 
by polluted water samples. 
During its reduction to water under favourable conditions, O, gives rise to 
dangerously reactive intermediates. The highly toxic forms of these intermediates include 
superoxide anion (0 / ) , hydrogen peroxide (H.OJand hydroxyl radical (OH). The 
other toxic forms of oxygen are the triplet oxygen and the singlet oxygen. They are 
known as the "Reactive Oxygen Species". The lethal effects of these ROS can be 
minimized upto a large extent by antioxidants. But despite a strong control,oxidative 
damage still occurs. This sustained oxidative damage is considered to contribute 
maximally to mutagenesis, to senescence and various other pathological disorders 
(Fridovich, 1998). 
Therefore, with a view to possibly identify the species involved in the oxidative 
damage caused by the XAD concentrated river water sample, agarose gel 
electrpohoresis of the water sample was carried out in the presence of scavengers,viz. 
SOD for superoxide anion, Catalase for H,0, NaN, for singlet oxygen, KI for triplet 
oxygen and Mannitol for hydroxyl radicals (Korycka et al., 1980; Joshi, 1986). The 
extent of inhibition by various scavengers could be assessed by comparing the 
thickness of bands of the three species of pBR322 DNA treated with river water 
sample. 
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The work embodied in this chapter deals with the studies on the mechanism of 
interaction of XAD concentrated water samples with calf thymus DNA and plasmid 
DNA to determine the nature of lesion(s) vis a vis to understand the mechanism of 
oxidative DNA damage brought about by Yamuna river samples. We have, therefore, 
employed several techniques including those mentioned below. 
MATERIALS AND METHODS 
1. Hydroxyapatite chromatography : Hydroxyapatite chromatography was 
performed as described by Bemardi (1971). 200 |ig of DNA was treated with the 
water samples and incubated at 37°C for 6 hours. The native and the treated calf 
thymus DNA were then applied to the hydroxyapatite column (3x1 cm). The elution 
was then done with a stepwise gradient of sodium phosphate buffer, pH 7.0, of 0.1, 
0.15, 0.2, 0.25, 0.3 M containing 1% neutralized formaldehyde. Fractions of 1 ml 
were collected at the rate of 5ml/hr.DNA eluted in various fractions was determined 
spectrophotometrically at 260 nm over Camspec spectrophotometr (UK). 
2. S, nuclease assay of DNA treated with water samples : 2mg/ml solution of 
calf thymus DNA in lOmM Tris-HCl,pH 7.4,was treated with the water samples at 
the desired concentrations. The reaction mixture was incubated for 6 hours at 37"C in 
the water bath. Subsequently, S, nuclease buffer (O.IM acetate buffer, pH 4.5, 
containing ImM ZnSO^) and S, nuclese (30 units) were added to each tube. The 
raection was terminated by adding 0.2 ml of lOmg/ml BSA and 1.0 ml of 14% PCA. 
The tubes were transferred quickly to an ice bath and kept at 4°C for 1 
hourCentrifligation was then carried out at 2500 rpm for 30 minutes to remove the 
undigested DNA and precipated protein. Acid soluble nucleotides were detertmined in 
the supernatant using the DPA method of Schneider (1957). 
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3. Plasmid nicking assay : Covalently closed circular plasmid pBR322 DNA (0.5 
|j,g) in a final volume of 30 |j.l were treated with the test water samples for 3 
hours.After the incubation time, 8 [i\ of 5x tracking dye (40mM EDTA,0.05% 
bromophenol blue and 50%(v/v) glycerol) was added and loaded on 1% agarose gel. 
The gel was run at SOmA for 2 hours and stained with ethidium bromide (0.5|ig/l) for 
30 min. at 4"C. After washing,the bands were visualized on Photodyne UV-
transilluminator, (USA) and photographed. 
4. Plasmid nicking assay with scavengers : For carrying out the plasmid nicking 
assay in the presence of scavengers, 0.5|ig of pBR322 DNA was treated with the 
XAD extract of water sample at the dose of 20|j.l, which is equivalent to 6 ml of 
actual sample The final concentration of SOD and catalase were lOO g^/ml and that of 
mannitol, KI and NaN, were 50mM in the final mixture. This reaction mixture was 
incubated for 3 hours. After the incubation, 10 fil of the tracking dye was added and 
the sample was loaded on 1% agarose gel. The gel was run at SOmA for 2 hours 
and stained with ethidium bromide (0.5 \xgf\) for 30 min at 4"C. After washing the 
bands were visualized on UV- transilluminator and photographed. 
RESULTS 
1. Hydroxyapatite chromatography : Fig. 25 shows the chromatogram of the 
industrial waste water treated DNA. The native DNA was eluted in the two major 
peaks corresponding to 0.15M and 0.25M phosphate buffer (Panel A). On treatment 
of the calf thymus DNA with the industiral waste water, remarkably different patterns 
were observed. The peak eluted at 0.25M phosphate buffer with the native DNA is 
reduced quite significantly at the dose of 25|j.l of the industrial waste water (Panel B). 
As the dose was increased to 50|j,l, the elution peak at 0.25M reduced fijrther, 
while the peak at 0.15M increased, indicating the increase in the single strandedness of 
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the DNA. Fig. 26 shows the elution profiles of the XAD concentrated river water 
sample treatment of the calf thymus DNA. As observed fi-om the figure, two peaks 
were obtained at the molarity of 0.15M and 0.25M at the treatment dose of 25|il 
(Panel B). The elution profile dose of 50|j,l showed an increase in the peak at 
0.15M. This shift in the peak fi-om 0.25M to 0.15M indicates the DNA degradation 
to single stranded fi^om the double stranded form. 
2. Sj nuclease hydrolysis of DNA treated with water samples: DNA treated 
with increasing concentrations of the water samples, (i.e. industrial waste water and 
Yamuna river water) were subjected to hydrolysis with S, nuclease. The results 
obtained are presented in Table. 19. From the table it can be seen that the industrial 
waste water caused more production of the acid soluble nucleotides which was 
observed to be dose-dependent. Under the same conditions the values obtained with 
native, solvent treated and denatured DNA were also determined (Table. 19). The 
industrial waste water sample was used directly whereas the river water and ground 
water samples were taken after 300x XAD concentration. 
3. Plasmid nicking assay : The industrial waste water and the XAD concentrated 
river water samples, as evident from Fig. 27 A has converted increasing amount of 
supercoiled DNA to relaxed and linear froms. The lane a shows the bands pattern of 
untreated pBR322 DNA to serve as control. The lanes b and c indicate the 
electrophoretic pattern of the DNA treated with 10 |^ 1 of industrial waste water 
sample and 300x XAD concentrated river water sample (equivalent to 3.0 ml of the 
actual sample) respectively. As is evident from the bands in lane b, the industrial waste 
water transformed the supercoiled form of the DNA to both the open circle (nicked 
form) and the linear form whereas the band observed in lane c corresponds to the 
open circle form of the plasmid DNA only, showing the treatment with the river water 
samples. An inaease in the treatment dose to double of the previous one (i.e. 20|il) 
resulted in fiuther damage. The bands in lane b of Fig. 27B show smearing apparently 
128 
caused by the degradation of the plamid DNA treated with the industrial waste water 
at the dose of 20 \i\/ tube. The bands in lane c shows the transformation of the 
supercoiled form of the plasmid DNA to the open drcle (nicked form) and the linear 
form, treated with the river water at the dose of 20 jil/tube. These findigs are 
indicative of the fact that the water samples under study could bring about the direct 
change to the DNA molecules. 
4. Plasmid nicking assay in the presence of scavengers : Fig.28 shows the 
electrophoretic pattern of the pBR322 plasmid treated with the river water samples in 
the presence of scavengers of various ROS. Lane a shows the band pattern of the 
untreated plasmid DNA run as control. Lane b shows the band pattern obtained on 
the treatment of the pBR322 DNA by the XAD concentrated river water samples at 
the dose equivalent to 6.0 ml of the river water The bands obtained were similar to 
the ones obtained with the river water at the treatment dose of 20 jil of XAD 
concentrated sample (Lane c, Fig. 27 B). Lane c of Fig.28 shows the bands obtained 
on the treatment of pBR322 DNA in the presence of SOD and the bands obtained 
were similar to the ones observed as that of control. Lane d shows the effect of river 
water treatment in the presence of catalase. Although quenching was observed with 
catalase, but not as much as that obtained with SOD. Population of both the species 
(nicked and supercoiled forms) were almost equal in the presence of KI, as observed 
in lane f The quenching effect of KI, seems to be similar to that of catalase. The 
quenching effect by sodium azide, as observed in lane e was not as high as with 
catalase since the population of the nicked species was relatively more and the super 
coiled form still observed, though in small quantity. Mannitol did not cause appreciable 
extent of quenching as is clear in lane g. 
The degree of quenching with various ROS scavengers was as follows: 
SOD > Catalase > KI > NaNj > Mannitol 
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The ground water sample has not shown significant level of DNA damaging 
effect with the plasmid nicking assay, even on XAD concentration upto 300x. 
DISCUSSION 
Hydroxyapatite chromatography is a well established procedure for fractionating 
single and double stranded nucleic acids. A slight difference in the secondary and 
tertiary structure of nucleic acids can also be discriminated by this technique (Bemardi, 
1971). Our results indicated the alterations in the secondary structure of DNA caused 
by the water sample treatment (Fig.25 and 26). As is obvious from the figure the 
control and treated DNA have different affinities of retention in the hydroxyapatite 
column. Increasing water sample treatment to DNA has shown more strand separation 
with comcomitant decrease in the duplex material. It seems plausible that the water 
treatment brings about a change in the configuration of sugar phosphate backbone 
which is principally involved in modifying the adsorption affinity of the ds nucleic acids. 
Similar explanation was also given for the DNA treated at high temperature 
(Martinson, 1973). 
For fiarther confirmation, we employed the single strand specific nuclease to study 
the distortion in the secondary structure of DNA. It is reported that S, nuclease 
hydrolyses single stranded regions in duplex DNA and also detects locally altered 
structure (minor distortions) induced by physical and chemical procedures (Shishido 
,1980). Our results indicate an appreciable increase in the production of acid soluble 
nucleotides with increase in the DNA hydrolysis of S, nuclease with increasing dose of 
water samples (Table 18). The water samples, under study transform DNA into an 
effective substrate for S, nuclease that suggests a destabilization of its secondary 
structure and / or generation of ssbs. 
Supercoiled plasmid DNA is a common substrate for rapid and sensitive assay 
of the reactions inducing nicks (Rahman et al., 1990). The conversion of the 
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supercoiled plasmid DNA molecules to nicked (open circle) and linear forms is evident 
in our system (Fig. 27 A & B), thereby establishing the DNA damaging properties 
of the said water samples. 
The use of O, as a nutrient in biological systems in aerobic respiration has 
generated a lot of interest lately due to the production of toxic oxygen intermediates. 
Nature has evolved certain antioxidant defence mechanisms to neutralize the toxic effect 
of these oxygen intermediates which are widespread, varied, coordinated and effective 
in fianction (Benzier, 2000). 
The damage caused by these oxygen intermediates or ROS is known as 
oxidative damage. Potentially cytotoxic, mutagenic and carcinogenic effects have been 
reported to be the result of oxidative damage. The lethality of the ROS is counteracted 
by certain enzymes, such as superoxide dismutases (which catalyses the conversion of 
the superoxide anion to H^OJ and catalases and peroxidases that destroy hydrogen 
peroxide (Demple and Harrison, 1994) 
Water is one of the most essential commodities for the sustenance of human life 
as it is required for drinking, cooking, bathing, washing and various other purposes. 
The most important use of water of course, is for drinking purposes. The risks of 
human exposure to disinfection byproducts in drinking water has been highlighted by 
Boorman (1999). The disinfection byproducts have been shown to give rise to ROS. 
Parkinson et al. (2001) have reported about the water treatment technologies, viz. 
photooxidation (UV treatment) and enhanced photooxidation (UVC/H^OJ, that 
removed aquatic organic matter These treatment procedures have resulted in the 
toxicity of water samples, which was attributed to the photooxidative degradation of 
natural organic matter resulting in ROS production. The oxidative damage caused by 
dichloroacetonitrile- used for the chlorination process of water has been reported by 
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Mohammadin (2001). The author further investigated, whether the ROS present in the 
water sample were similar to those generated in biological system, capable of oxidative 
activation. The effect of catalase activity on drinking water has also been assessed by 
Weiner et al. (2000). These studies aptly suggest that water samples have been found 
to be contaminated with ROS. 
Our studies with the river water sample in the presence of scavengers have led 
to the conclusion that ROS are generated by the toxicants which might be involved in 
the mutagenicity of the said water samples as was assessed by the strain TA102 in our 
studies with the Ames testing. It is also evident from Fig. 28 that the SOD has 
caused the maximum scavenging suggesting that the superoxide anion might be the 
most abundant ROS. The presence of hydroxyl radical at a remarkable level, though 
not to the extent of superoxide anions also seems to contribute to the genotoxicity of 
water samples. The singlet and triplet oxygen species would also add to the oxidative 
damage of water samples exposed to the living system. 
This study is clearly suggestive of the presence of ROS in the said water 
samples, and the genotoxicity of the river water sample to a large extent could be 
attributed to the presence of these oxygen intermediates. 
The intensity of damage to DNA under in vitro conditions was consistent with 
in vivo experiments, thus industrial waste water was maximally toxic in both type of 
experiments, followed by riverine samples which was moderately toxic and ground 
water being the least toxic. 
To conclude, we can say that these in vitro tests provide supportive evidence 
for the genotoxic potential of the test water samples. Moreover, the relatively small 
times required to perform these tests, make us believe that these tests can be used as 
a short term in vitro genotoxicity testing of the pollutants present in various water 
bodies. 
Fig. 25 Hydroxyapatite cliromatogram of the industrial waste water sample 
treated DNA. 
Untreated DNA (A) 
Water sample treated DNA 
1 : 25 (B) 
1 : 50 (C) 
1 : 25 = 200 ).ig DNA : 25 )LI1 water sample 
1 : 50 = 200 jig DNA : 50 ^i\ water sample 
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Fig. 26 Hydroxyapatite cliromatogram of the X AD concentrated river water 
sample treated DNA. 
Untreated DNA (A) 
Water sample treated DNA 
1 : 25 (B) 
1 : 50 (C) 
1 : 25 = 200 [ig DNA : 25 i^l water sample 
1 : 50 = 200 |.ig DNA : 50 ^i\ water sample 
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Fig. 27 Agarose gel electrophoresis of the industrial waste water and the 
XAD concentrated river water 
A. Treatment at the dose of 10 ^ il 
Lane a : pBR322 DNA only 
Lane b : pBR322 DNA + 10 jil industrial waste water 
Lane c : pBR322 DNA + 10 )il river water 
B. Treatment at the dose of 20 \i\ 
Lane a : pBR322 DNA only 
Lane b : pBR322 DNA + 20 i^l industrial waste water 
Lane c : pBR322 DNA + 20 /jl river water 
Fig. 28 Agarose gel electrophoresis of XAD concentrated river water in 
the presence of oxygen radical scavangers 
Lane a : pBR322 DNA only 
Lane b : pBR322 DNA + 20 fil river water 
Lane c : pBR322 DNA + 20 |il river water +SOD 
Lane d : pBR322 DNA + 20 jil river water + Catalase 
Lane e : pBR322 DNA + 20 ^\ river water + NaN^ 
Lane f: pBR322 DNA + 20 ^1 river water + KI 
Lane g : pBR322 DNA + 20 ^\ river water + Mannitol 
Q 
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Table 19 : Sj nuclease hydrolysis of water sample treated calf thymus DNA 
Sample % DNA hydrolysis 
Denatured DNA 
Native DNA 
DNA+Solvent (as control) 
DNA+IWW 
DNA+IWW 
DNA+CRW 
DNA+CRW 
DNA + CGW 
DNA + CGW 
(25^ 11) 
(50nl) 
(25^il) 
(SO i^l) 
(25^ 11) 
(50^1) 
100 
15.8 
24.6 
32.34 
41.76 
16.70* 
26.91* 
2.07* 
3.78* 
I WW 
CRW 
CGW 
Industrial waste water 
Concentrated ri\ er w ater 
Concentrated ground water 
* Values obtained after sub traction from the control value. 
Chapter IX: 
General Discussion 
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Toxicity tests are necessary in water pollution because chemical and physical tests 
alone are not sufficient to assess potential effects on aquatic biota (USEPA, 1987, 1991). 
For instance, the effects of chemical interactions and the influence of complex matrices 
on toxicity cannot be determined from chemical tests alone. Different species of aquatic 
organisms are not equally susceptible to the same toxic substance nor are organisms 
equally susceptible throughout the life cycle. 
Therefore, the need arose for the risk assessment of the water contaminants after 
the multidimensional hazardous effects of water pollution became clear. The present state 
of pollution and its multidimensional hazardous effects have led to the development of a 
number of biological assays for assessing the toxicity of pollutants in the living system. 
Toxicity / genotoxicity testing of water, therefore, assumes a significant proposition now. 
It is also flirther emphasized that a single genotoxicity testing system does not reflect the 
actual behaviour of the test samples. A battery of tests is thus necessary for the toxicity 
evaluation and risk assessment procedures (Malik and Ahmad, 1995; Rehana et al., 1995, 
1996;Dutka, 1996). 
A battery of bioassays used in the present study included Allium cepa test, seed 
germmation test, Ames plate incorporation test, Ames fluctuation test and the SOS DNA 
repair assays employing the E.coli K-12 strains and the A. -lysogen. In vitro DNA damage 
caused by the test water samples was also investigated in support of/« vivo genotoxicity 
testing studies. This was necessitated because it is always recommended that the toxicity 
testing should be carried out comprising a variety of testing systems. 
In our studies, the direct river water has not shown a significant level of toxicity 
with the Allium cepa test, but on concentration, appreciable amount of toxicity was 
observed. Whilst the opposite has been observed for the seed germination test, where this 
test system responded significantly with the direct water samples too. This in one way 
makes this test more preferred over the Allium cepa test. 
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Amongst the various toxicity bioassays, the Allium cepa test and the seed 
germination test could be employed for the preliminary screening test of the toxicants. 
While the seed germination test has been recommended as a part of level I terresterial 
environmental assessment procedures, the Allium cepa test also does not lie far behind in 
its use and affordability in toxicity assessment procedures (Ma, 1999b; Gopalan, 1999). 
One additional advantage that the Allium cepa test offers over the seed germination test 
lies in the fact that the former can also be used for genotoxicity evaluation procedures. 
While comparing the result obtained with the seed germination test, we observed 
the cabbage seed to be the most sensitive to detect heavy metal toxicity (Fig. 10). 
Although the lettuce seed have earlier been shown to be a good indicator of metal toxicity 
(Wang, 1987), the locally available variety of this seed did not respond significantly in 
our experimental conditions. While the pesticide toxicity has been detected very 
efficiently with different seeds (cucumber for 2-4D, moong for BHC and millet for 
Mancozeb), none of the single variety could find the status of most sensitive one with all 
pesticides as we had recorded for heavy metals. 
The efficiency of the moong seed {Phaseolus aureus ) to detect pesticide toxicity 
has been validated under the Indian conditions (Shashi Kant, 1989). The sensitivity of 
millet seed in detecting phenolics toxicity has also been established (Wang, 1987), and 
we have also recorded similar sensitivity in our studies. While chlorophenol has been 
used for toxicity assay by seed germination test (Wang, 1986); we have investigated the 
toxic effect of a nitrophenol also with this test (Fig. 12) 
The results with Allium cepa have established Cu to be the most toxic heavy metal 
amongst the three test heavy metals (Fig. 5). The other two metals being Ni and Cd. 
These metals were considered for the studies because the water system of our city was 
found to be heavily contaminated with them ( Malik, 1994 ; Malik and Ahmad, 1995). 
The relative toxicity of metals with this test was recorded as Cu > N i> Cd. Detailed 
studies on the toxicity of heavy metals with Allium cepa test by Fiskesjo (1988) have also 
established the same pattern although there was a difference in the EC50 values. This 
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further supports the view that the plant based tests are efficient and reliable test systems 
for the rapid screening of chemicals for mutagenicity and clastogenicity, and are well 
within the range of the results obtained in different laboratories, as also suggested by 
Rank and Nielsen (1997). It could also be considered that there may be some tolerance 
developed within the onion bulbs to bear the toxic effect of these chemicals. An attempt 
to carry out the toxicity testing of some phenolic compounds with this test has established 
DNP to be the most toxic among the test phenolic compounds (Fig. 6). 
As regards to the various macroscopical parameters of the Allium cepa test, the 
root length inhibition with reference to control was the most important index (Fig. 5-8). 
However, the typical root forms can also be considered to be an important parameter 
since different metals were found to give different root forms, e.g. presence of twists 
(crochet hooks), swellings (tumors) and broken root tips. Fiskesjo (1988) has reported 
these findings of the roots on treatment with heavy metals. We have also observed such 
abnormalities with the roots, especially with Cd where the specific "crochet hook 
reaction" was observed (data not shown). These abnormalities could also be taken into 
consideration when testing for metal toxicity or with water samples supposed to be 
contaminated with metals. 
The EC50 growth curves of A//ium cepa test obtained with heavy metals and 
phenols had a sigmoidal appearance, which indicates a fundamental similarity in dose 
response. But the growth curves with the industrial wastewater and the river water show 
an remarkably varying nature of toxicity (Fig. 7 and 8). 
The Ames testing for the mutagens present in the water samples has also been 
carried out. The groundwater samples obtained from hand pumps in the industrial estate 
and the river water samples of Yamuna downstream of Agra, were subjected to 300x 
concentration using the XAD-8 resins. The XAD extract is supposed to contain all the 
organic constituents (Wilcox and Williamson, 1986). 
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The industrial wastewater samples were found to possess a significant level of 
mutagenic activity by means of Ames testing (Fig. 15 A, B). The 300x XAD concentrate 
of the ground water sample also exhibited a significant mutagenic response, presumably 
because of the percolation of the genotoxicants of the industrial wastewater to the ground 
water supplies (Fig. 16 A, B). A substantial amount of genotoxicity has also been obtained 
with the XAD concentrated river water samples. 
It is interesting to note that mutagenicity of the water samples (industrial, ground 
and river water) have shown different effects in the presence of S9 fractions. Contrary to 
the industrial waste water samples which brought about enhancement in the mutagenic 
response invariably in all strains after metabolic activation, the groundwater samples on 
the other hand displayed a significant decrease in the his^ revertants in all strains except 
TA98. With the river water, a slight rise was observed in the number of revertants in the 
presence of S9 fraction. In the presence of S9 fraction this river water sample has shown 
almost an identical sensitivity with the strains TA98 and TA102 thereby suggesting that 
this water sample could be carrying direct acting as well as oxidative mutagens. 
Earlier studies in our lab have established that the strain TA102 was very efficient 
in detecting riverine water mutagenicity (Rehana et al., 1995, 1996) and the strain TA98 
was found to be the sensitive strain in detecting the genotoxic impact of industrial 
wastewater (Malik and Ahmad, 1995). This study is consistent with our earlier findings. 
TA98 strain detects those mutagens that act at the G-C hotspots while the strain TA102 
strain detects those mutagens that have A-T bases at the critical site of reversion. Our 
findings suggest that the nature of pollutants has remained more or less the same after a 
gap of more than 8 years. 
As regards to the Ames fluctuation test, we found this test to be highly sensitive in 
our case. The genotoxicity evaluation of water samples containing low doses of mutagens 
are considered to be the most appropriate for carrying out the genotoxicity assays, like 
drinking water, ground water and in some cases of surface water. We have obtained a 
good response with the ground water sample, both in the presence and absence of S9 
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fraction (Table 10, 11; Fig. 19 A and B). The river water has also exhibited a good 
response with this test (Table 12, 13; Fig.20 A and B). The industrial wastewater has 
shown a high degree of response in this test which is undesirable in the fluctuation test, 
as moderate increments in "M;" is desired with moderate increments of dose. 
Comparing the sensitivity of the fluctuation test, with the plate incorporation test 
especially in case of the concentrated ground water samples, it is obvious that only the 
strain TA98 had shown a significant response in the presence of S9 fraction in the Ames 
plate incorporation test whereas all the strains responded to a significant extent with 
metabolic activation in the fluctuation assay. This finding strongly supports the idea that 
Ames fluctuation test should be used for water samples containing low doses of mutagen 
(Green et a!., 1977; Bridges, 1980; Venitt and Parry, 1984; Le Curieux et al., 1995). 
The genotoxic activity of water samples was forther confirmed by DNA repair 
assays employing the sur\'ival of E.coli K-12 strains and the induction of the lysogen of 
Xcl?>51. The reversion tests have in many cases proven to be superior for compounds 
requiring metabolic activation (De Flora et al., 1984), while DNA repair tests are superior 
for detecting direct acting agents. It is believed that the presence of pKMlOl plasmid in 
Ames tester strains enhances the error-prone repair process (Levin et al., 1982; Little et 
al., 1989) due to the absence of a flinctional repair UmuD gene (Herrera and Laborda, 
1988). The error-prone repair in Salmonella is regained in the presence of pkMlOl 
plasmid, which contains analogues of UmuCD genes making the error prone repair 
functional. Our results with the E.coli K-12 strains suggest that the test water samples 
bring about the DNA damage and thus the treated cells initiate the SOS-repair with the 
concomitant induction of mutation. The induction of SOS response by the test samples in 
our case was supported by the high sensitivity of recA, lexA and polA mutants of the 
E.coli exposed to the test samples (Fig 21-24). The role of recA, lexA and polA genes is 
well documented in the error prone repair of damage induced by various agents 
(Srivastava, 1976; Walker, 1985; Musarrat and Ahmad 1988; Qadri et al., 1992). The 
SOS response with the test water samples has been further confirmed by the ^.-prophage 
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induction brought about by these samples (Tables 15-18). These test water samples seem 
to have initiated the SOS response with the concomitant induction of mutation. 
With respect to the individual bioassays, it is to be noted that each bioassay used 
in this study seems to have its own sensitivity pattern and usability under different 
conditions. While the seed germination test, has given results with the direct river water 
sample, this water sample has not been toxic enough to exert its influence in the Allium 
cepa test. Here the seed germination test gets an edge over the Allium cepa test. But one 
additional merit that the Allium cepa test possesses over the seed germination test is the 
applicability of this test in genotoxicity evaluation procedures. In cases where only 
toxicity screening is required, we recommend that any of the two tests can be used, 
depending upon the prevailing conditions in the laboratory. However, the seed 
germination test is simpler than the Allium cepa test. But when the genotoxicity of the 
sample/compound is to be evaluated along with the toxicity, the Allium cepa test would 
be prescribed since it can serve two purposes at the same time. 
All the bioassays used in this work viz. Allium cepa test, seed germination test, 
Ames plate incorporation test and the Ames fluctuation test, are all chronic exposure 
tests. Ames fluctuation test is in fact more sensitive and suitable for detecting chronic 
exposure of low levels of mutagens, while the DNA repair assays, i.e. the survival of £. 
coli K-12 strains and the X-induction test are short exposure tests. Such types of tests are 
said to be more suitable and accurate with high doses of mutagens and assumed to be less 
sensitive with low levels of mutagens. 
Considering the bacterial genotoxicity, the DNA repair assays and Salmonella 
mutagenicity tests are equally good in their own right. While the DNA repair assay is 
short term and more convenient, the problem associated with it is that it cannot be 
considered for testing the samples where potent carcinogens are supposed to be present. 
The Ames plate incorporation test and the Ames fluctuation test fulfill this condition but 
these tests are more labour intensive. While the genotoxicity of highly toxic compounds / 
samples like the industrial waste water can be evaluated very nicely with these two tests. 
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the Ames fluctuation test seems to be the best designed test to detect low levels of 
mutagens in the aqueous samples. Our studies with the concentrated ground water bear 
testimony of this fact. Moreover, as already discussed, the Ames fluctuation test is more 
sensitive and most suitable to detect chronic exposures of low levels of mutagens. Its 
applicability to evaluate the genotoxic impacts of water borne mutagens coupled with its 
ability to be automated make us believe that this test is the most appropriate among all 
other bioassays. 
The resuhs of in vitro studies have also indicated that the test water samples can 
cause the denaturation of dsDNA. Our studies have shown the destabilization of 
secondary structure of DNA with the formation of ssbs. This is evident by the increased 
level of single strandedness in duplex DNA as observed by hydroxyapatite 
chromatography (Fig. 25 and 26) and the increased susceptibility to Si nuclease (Table 
19). In addition to this, the plasmid nicking assay has also suggested the breakage of the 
convalently closed circular DNA to open circle form and linear form (Fig. 27 A and B). 
The strand break formation was also found to be dose dependent. The increasing dose of 
the test water sample seems to exert a sort of destablization in the secondary structure of 
DNA resulting in its denaturation and breakage. The studies with the plasmid nicking 
assay clearly established the DNA damaging potentials of these test water samples. 
The presence of ROS has been established in water system ( Mohammadin, 2001; 
Parkinson, et al., 2001). Our study with the river water samples in the presence of the 
scavengers of ROS is consistent with the earlier findings. While the SOD has caused the 
maximum quenching, showing its relative abundance over other oxygen intermediates, 
the quenching obtained with Catalase and KI shows the involvement of other reactive 
oxygen species as well. The genotoxicity of the riverine water samples in our lab has 
earlier been attributed to oxidative damage caused by the pollutants in the Ganga water 
(Rehana et al., 1995, 1996). 
In view of the present findings, we conclude that the test water samples contained 
high levels of organic and inorganic pollutants which were genotoxic and mutagenic. 
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Although the high levels of genotoxicity obtained with the concentrated ground water and 
river water samples may not be of immediate concern, but their long term impacts may be 
dangerous to the human population consuming these waters. Our studies also suggest that 
there is a high chance of the genotoxicants present in the industrial waste, being 
percolated into the ground water system. This also calls for immediate concern and we 
also recommend that proper treatment procedures should be adopted by the factories so 
that the discharges made by them contain minimum levels of the toxic 
pollutants/genotoxicants. 
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Summary 
Rapid industrialization, fast urbanization, over population and the use of intensive 
agricultural practices in India have resulted in the tremendous increase in the 
environmental pollution (Viswanathan, 1985; Gupta 1989; SOER, 2001). Among the 
various types of environmental pollution, the problem of water pollution has become 
serious because of the sewage disposals, industrial wastes, radioactive wastes, 
agricultural and domestic disposals, etc. (SOER, 2001). Several studies conducted in our 
country strongly suggested that our water resources (rivers, lakes, groundwater) are 
highly contaminated with toxic substances (Handa, 1993; CPCB, 1995; Rehana et al., 
1995, 1996; SOER, 2001). 
No systemic study has yet been conducted in India to develop toxicity bioassays 
for the toxicity testing of water bodies.The work presented in this thesis was carried out 
with a view to design and develop bioassays that could be used to assess the toxic impact 
of various environmental complex mixtures and pollutants. The studies were also aimed 
at selecting the candidate bioassays for battery of toxicity tests that would show good 
responses with the various water samples vis a vis major water pollutants in India, viz 
heavy metals, pesticides and phenolics (Datta, 1999). 
The plant bioassays were specially selected and standardized for the toxicity 
evaluation of the major water pollutants of India, viz. heavy metals, pesticides and 
phenolics. In the genotoxicity assay of the ground water and the river water, the water 
samples were concentrated on the XAD- resins, which trap all the organic constituents of 
the water. 89 fraction, presumably consisting of the mitochondrial/microsomal fraction of 
the liver homogenate, was also used for the metabolic activation of the test mutagens in 
the Ames plate incorporation test and the Ames fluctuation test. 
The two plant bioassays, viz. the Allium cepa test and the seed germination test 
included in this study are being used for the toxicity assessment and as a front line 
indicator of toxicity of the water samples. Moreover, the bacterial assays employed for 
this study have been validated in highlighting the putative hazards of certain organic and 
inorganic pollutants in various water samples. These bacterial systems were, (i) Ames 
plate incorporation test, (ii) Ames fluctuation test, as well as (iii) E.coli survival and 
X,-lysogen induction systems. 
The local varieties of the onions were used for the Allium cepa testing whereas the 
locally available seeds of cabbage, cucumber, moong and millets were used for the seed 
germination test. The seeds were taken in a lot and were stored for further studies. 
The test water samples were obtained from three systems, (i) industrial waste 
water of Aligarh city because of its well known chemical composition (Malik and 
Ahmad, 1995), (ii) ground water obtained from the shallow aquifer within the boundaries 
of Industrial estate by means of hand pumps. Incidentally this water is directly taken for 
drinking and other purposes, and (iii) river water obtained from Yamuna, second largest 
river of India at the downstream of Agra owing to its strategic position. 
The significant findings along with their possible explanations are summarized as 
under: 
I. Allium cepa test 
1. Among the test heavy metals and phenolics, Cu and DNP were recorded to be the 
most toxic by this test under our experimental conditions. 
2. The industrial waste water has shown to exhibit the highest level of toxicity 
obviously with the lowest EC50 value and that was recorded with the water 
samples collected during summer. 
3. The river water samples taken directly for the test did not show significant 
toxicity. However, upon 20x concentration of pollutants of water samples 
obtained from Yamuna river on XAD column resulted in significant toxicity to 
the Allium cepa. 
4. The ground water samples obtained from the shallow aquifer in the vicinity of 
industrial area of Aligarh upto a concentration of 20x on XAD column did not 
show any toxicity. 
5. The chromosomal aberrations recorded with the water samples were mainly 
fragments, bridges and stickiness. While micronuclei were observed with the 
industrial waste water, the same could not be recorded with the river water 
sample. 
II. Seed germination test: 
1. Among the test heavy metals for this bioassay, Cu was again found to be the most 
toxic metal. The sensitivity pattern of the seeds remained the same with the test 
heavy metals and cabbage being the most sensitive among the four seeds taken for 
this study. 
2. Cucumber, moong and millet seeds were all found to be highly sensitive with 
more or less equal response to detect the toxic effect of 2-4D, BHC and 
Mancozeb. Cabbage seed on the other hand feebly responded to the test 
pesticides. 
3. Millet seed was the most sensitive to detect the toxicity of test phenolic 
compounds, viz. DNP, resorcinol, phenol. 
4. Cabbage seed was found to maximally respond to the toxic effects of industrial 
waste water, thereby suggesting the abundance of inorganic pollutants in the test 
samples. This is in agreement with our previous findings of the hazardous levels 
of heavy metals in this system (Malik and Ahmad, 1995). 
5. Moong and cucumber seeds were found to be relatively more sensitive to detect 
the toxicity of river water, thereby suggesting the presence of organic 
contaminants in this test water samples. 
6. A significantly toxic effect on the seeds was not obtained with ground water, 
directly or upon concentrafion upto 20x on XAD column. 
III. Ames plate incorporation : 
1. All the test water samples displayed a significant enhancement in the number of 
histidine revertant colonies with and without concentration. 
2. Strains TA97a, TA98 and TAIOO which contain GC hot spots were generally 
more sensitive compared with those having AT hot spots at the site of mutation 
and thus the samples could bring about both the frame shift and base pair 
substitution mutations. , 
3. All the tester strains responded significantly even in the absence of S9 fractions, 
except for TA104. 
4. TA98 strain exhibited the maximum number of revertants with the industrial 
waste water without metabolic activation. But in the presence of S9 fraction, 
TA102 was the most sensitive strain. 
5. TA98 strain displayed the most significant dose response relationship with 
concentrated ground water samples in the absence and presence of metabolic 
activation. Moreover, all the strains with the exception of TA98 have shown a 
decrease in the number of his* revertants in the presence of S9 fraction. 
6. TA102, was the most sensitive strain with the concentrated river water samples 
both in the presence and absence of metabolic activation, thereby suggesting that 
the water samples contained certain oxidative mutagens and / or those bringing 
about the transition mutation at the A-T hot spot. 
IV. Ames fluctuation test: 
1. TAIOO, under our experimental conditions, was the most sensitive strain in 
assaying the genotoxic potential of the industrial waste water without S9 fraction. 
2. The strain, TA97a, contrary to above, was found to give the best dose response 
curve in the presence of metabolic activation, thereby establishing its sensitivity 
in assaying the mutagenic potential. 
3. TA98 was the most sensitive strain to assay the mutagenicity for the XAD 
concentrated ground water samples in the presence and absence of metabolic 
activation. 
4. TA102 displayed the best response with XAD concentrated pollutants of river 
water samples without metabolic activation. 
5. In the presence of S9 fraction, TA98 was recorded to be the most sensitive strain 
for the evaluation of the genotoxic potentials of the concentrated river water 
system. 
6. Most of the mutations caused by the water samples were detected by TA97a, 
TA98 and TAIOO, as recorded in the Ames plate incorporation test. This in a way 
validates our contention that the test water samples bring about both the frame 
shift and base pair substitution in the DNA under in vivo conditions. 
V. Role of SOS response in the damage caused by water - borne pollutants : 
1. The recA, lexA and polA mutants of E.coli were highly sensitive to the test 
samples compared with their isogenic-wild type strains. 
2. The recA and polA mutants were usually found to be more sensitive compared to 
the lexA mutants in our system. 
3. The maximum degree of Aprophage induction was brought about by industrial 
waste water though other water samples also triggered appreciable levels of lytic 
cycle. 
The above findings strongly support for the active role of SOS repair in the 
bacterial damage induced by the toxicants present in the water samples. 
VI. Interaction of the pollutants in the water samples with DNA : in vitro studies 
1. The hydroxyapatite chromotography showed a significant level of single 
strandedness in the treated DNA. A higher level of single strandedness was 
observed with the industrial waste water as compared to the river water. 
2. Studies on the Si nuclease hydrolysis of the treated DNA further confirmed the 
distortion in the secondary structure of DNA brought about by the test water 
samples. 
3. The plasmid nicking assay has fiirther established the DNA damaging effect of 
the test water samples. Covalently closed circular form of DNA was changed into 
open circle form (nicked form) and the linear forms upon treatment of plasmid 
DNA with water samples. 
4. The plasmid nicking assay with the river water conducted in the presence of ROS 
scavengers farther confirn\ed the role of superoxide anion, hydroxyl radical, 
singlet and triplet oxygen in the DNA damage caused by the water pollutants 
extracted by XAD. The test also established the major role of superoxide anion 
because of the maximum scavenging effect by the SOD. 
The present studies clearly indicate that all the test water samples were highly 
contaminated with hazardous substances. The samples were also genotoxic and could 
induce mutations in the exposed organisms. It is a matter of great concern, that the 
groundwater samples also displayed a significant amount of genotoxicity, although only 
upon concentration. These findings call for immediate attention, both on the hazardous 
nature of the industrial effluents coming out without proper treatment as well as on the 
mixing of the industrial waste with the ground water system. Efforts are also needed to 
check the menace of pollution in the second largest river of India, otherwise serious 
health hazards to the exposed human population cannot be ruled out. 
Based on the findings obtained with various in vivo and //; vitro toxicity assays for 
the test water samples, it is also clear that a battery of three tests would suffice the 
purpose. These test batteries under the varying requirements are as follows : 
(i) For the preliminary screening of toxicity, Allium cepa , Ames fluctuation test 
employing the TA98 and TAIOO strains, and X-prophage induction tests seem to 
be suitable for the Indian waters. 
(ii) A battery of three tests including the Ames fluctuation test, ^-prophage induction 
test and plasmid nicking assay would be most appropriate for the water samples 
presumably containing low levels of toxicants. 
(iii) A cheaper system with valid indicator of toxicity would perhaps be the battery of 
tests including Allium cepa test, seed germination test and X-prophage induction 
test, 
(iv) A detailed study of toxicity with special reference to genotoxicity may be carried 
out with the battery of test containing Allium cepa toxicity / genotoxicity test, 
Ames fluctuation test and plasmid nicking assay. 
